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ACTIVE METAL METALLIZATION OF 
MINI-IGNITERS BY SILK SCREENING 

TECHNICAL FIELD 

This invention relates to ceramic igniters and an 
improved method of making necessary electrical 
connections thereto* The improved electrical 
connections to the ceramic igniters are produced by silk 
screening a braze pad onto an electrically conductive 
portion of an igniter and then soldering an electrical 
lead wire to the braze pad. Careful silk screening 
provides good control of the braze pad thickness. Thin 
braze pads so produced are less affected by thermal shock 
and so are less prone to cause thermal expansion-induced 
fracture of the ceramic. 
BACKGROUND OF THE INVENTION 

Although ceramic igniters have been known and 
commercially used for many years, the art has been 
plagued by in-service resistivity increases as well as 
premature failure of the igniters' electrical 
connections. Ceramic igniter production requires 
constructing an electrical circuit through a ceramic 
component, a portion of which is highly resisitive and 
thus rises in temperature when current is run through it 
from an electrical lead. However, the conductive in- 
terface between the electrical lead and the ceramic 
typically experiences dissimilar thermal expansion 
effects from the lead and the ceramic and so is 
susceptible to cracking. Further, undesired highly 
resistive zones are often created by either reaction 
between the metal lead and the ceramic, any other chemi- 
cal interaction used in forming the combined mechanical 
and electrical connection, mechanical failure or chemical 
deterioration, i.e< oxidation. Such large increases in 
resistance are a problem because an igniter must be 
capable of igniting fuel gases throughout the lifetime of 
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an appliance, even when voltages sink as low as 85% of 
the standard operating voltage (i.e., 20.4 V instead of 
24.0 V) during brownouts or peak electrical demand 
periods. When the available voltage decreases 
significantly, an insufficient igniter temperature may 
result, particularly in older igniters in which the 
electrical contact has experienced severe deterioration. 
Hence, achieving both consistent resistivity and 
electrical continuity has been a continuing goal in this 
field. 

Previous attempts at making electrical connections 
for ceramic igniters have had varied results. For 
example, U.S. Patent No. 3,875,477 discloses a process 
involving (i) lightly sandblasting portions of a silicon 
carbide igniter in the areas where the electrical con- 
tacts are to be made, (ii) coating the sandblasted 
terminal ends with aluminum metal or an aluminum alloy 
either by dipping into molten metal or by flame spraying, 
and (iii) using a refractory, electrically insulating 
cement of the high alumina type. U.S. Patent No. 
3,928,910 discloses gas igniters having electrical leads 
bonded into physical slots of a ceramic (SiC) body by 
high temperature flame or plasma spraying which is not 
only intended to secure the inserted leads into their 
respective slots but also to fully and continuously 
encase the terminal parts of the igniter. U.S. Patent 
No. 5,045,237 discloses molybdenum disilicide-containing 
ceramic igniters in which a simple machine screw and nut 
assembly is placed through machined holes in the ceramic 
body. However, the above connection means in each of 
these references has suffered from the problem of either 
substantially increased resistance with extended use, 
i.e., at least about 5% increase after 100,000 on/off 
cycles, or failing to be commercially reproducible. 

The Norton Company of Worcester, Massachusetts has 
produced ceramic igniters in which the electrical 
contacts have less than about a 2% change in contact 
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resistance after 100,000 on/off cycles ♦ These igniters 
are prepared by (i) forming a ceramic igniter body having 
a molybdenum disilicide content of at least about 20 
volume percent at the points at which the electrical con- 
tacts are to be made, (ii) painting an active metal braze 
on the body at those points, and (iii) soldering 
electrical leads to said pads by means of a solder which 
melts at a temperature of greater than about 500 °C. 
However, thermal expansion mismatch between the braze and 
the ceramic often produces cracking in the braze, leading 
to failure of the electrical connection. 

Accordingly, it is the object of the present 
invention to produce a commercially viable improved 
ceramic igniter which 

(i) will maintain a desired contact resistance 
after significant use, and 

(ii) has the desired thermal expansion 
characteristics in the braze, 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 
provided a ceramic igniter comprising: 

a) a lead wire, 

b) a ceramic substrate, and 

c) a braze pad having a thickness of less than about 
150 microns, 

wherein the lead wire and ceramic substrate are placed in 
electrical connection by the braze pad. 

Also in accordance with the present invention, there 
is provided a process for making an improved ceramic 
igniter comprising an electrically conductive ceramic 
substrate, comprising the steps of: 

(a) silk screening a braze material onto the 
electrically conductive ceramic substrate to produce a 
braze pad, and 

(b) soldering an electrical lead to said braze pad 
by means of a solder which melts at a temperature of at 
least about 500 °C. 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a top view of a preferred igniter body 
with connecting leads soldered to braze pads in 
accordance with this invention* 
5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Without wishing to be tied to a theory, it is 
believed that the conventional method of painting the 
braze onto the ceramic substrate deposited more braze 
than was needed to make the required electrical contact. 

10 The volume changes experienced by this excessive braze 

during temperature swings is believed to be enough to 
cause the fracture of the ceramic under the braze and the 
failure of the circuit. Such temperature swings are 
believed to occur during construction of the igniter and 

15 during use. By silk screening the braze onto the ceramic 

in a highly controlled manner, the braze can be tailored 
to sufficiently thin and narrow dimensions, thereby 
preventing the deposition of the excessive braze and 
avoiding thermal expansion-induced fracture of the braze 

20 pad and failure of the electrical connection. 

Accordingly, the igniters of the present invention not 
only maintain the desired long term contact resistance 
(due to the use of a braze) but also have the desired 
thermal expansion characteristics (due to the thin depth 

25 of the braze) . 

The silk screening of the braze onto the ceramic may 
be accomplished by any conventional silk screening 
method. In one embodiment, a Model #SP-SA-5 silk screen 
unit, available from deHaart, Inc. of Burlington, MA, is 

30 used. When this unit is used, however, it must first be 

intitialized with reference to the ceramic igniter in 
order to assure proper registration of the braze pattern 
on the igniter. In one initialization procedure, a 
brass nest, available from Hermetric, Inc. of Burlington, 

35 MA, is mounted on a vaccuum base plate on the printing 

table of the unit. Ultrasonically cleaned igniter 
elements are then placed on the table and held in place 
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either via a vaccuum or with light adhesive tape. 
Concurrently, a polymer mesh screen, available from RIV 
Inc. of Merrimac, NH, is mounted on the underside of a 
squeegee frame, which is then lowered into screening 
position in the unit in order to set the height between 
the screen and the igniters in the fixture. A feeler 
gauge is used to first adjust the separation distance to 
about 0.0015 inches (38.1 microns). This distance is 
then set back an additional 0.020 inches (508 microns) to 
allow for screen snapback. The squeegee pressure is set 
for about 20 psi downforce. The screen is then removed 
from the frame to set the squeegee-nest fixture 
separation. The front application squeegee is adjusted 
for about 0.001 inch separation (25.4 microns) while the 
rear application squeege is adjusted for about 0.016 inch 
separation (406.4 microns), both being set by a feeler 
gauge and micrometer dial. The screen is then 
reinstalled on the squeegee frame. The registration of 
the screen pattern with the elements in the nesting 
fixture is then set using the x-y axis micrometer dial 
adjustments on the printing table. Igniter blanks are 
placed in the fixture and braze paste having a suitable 
viscosity for screening is applied to the screen with a 
spatula. The unit is then turned on and the braze is 
applied to the igniter blanks. The blanks are then 
inspected visually and x-y adjustment is made to center 
the metallization on the igniter leg, preferably to 
within about 0.25 inches (6350 microns) of the end of the 
leg. This process is then repeated until the proper 
registration is acheived. 

A braze pad produced from the silk screening process 
of the present invention typically has a thickness of 
less than about 150 microns, preferably less than about 
115 microns, more preferably less than about 80 microns. 
Without wishing to be tied to a theory, this reduced- 
thickness pad lessens the thermal expansion response of 
the braze pad during periods of thermal shock. 
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The pads typically have an exposed surface area of 
less than about 3.6 square millimeters, preferably less 
than about 2.6 square millimeters and more preferably 
less than about 2.2 square millimeters. Most preferably, 
the pads have an exposed surface area characterized by a 
length of about 0.06 inches and a width of about 0.02 
inches. In practice, it has been found that the exposed 
surface area of the braze pad should be as small as 
possible and centered on the end of the igniter leg in 
order to insure that the pad is not contacting machining 
edge flaws left from the ceramic element manufacturing 
process. 

The braze composition used with the present 
invention may be any braze composition conventional in 
the art which forms an electrical connection with the 
highly conductive portions of the ceramic igniter. To 
obtain the required high degree of adhesion to the 
ceramic, the braze typically contains an active metal 
which can wet and react with the ceramic materials and so 
provide adherence thereto by filler metals contained in 
the braze. Examples of specific active metals include 
titanium, zirconium, niobium, nickel, palladium, and 
gold. Preferably, the active metal is titanium or 
zirconium. In addition to the active metal, the braze 
contains one or more filler metals such as silver, 
copper, indium, tin, zinc, lead, cadmium, and 
phosphorous. Preferably a mixture of filler metals is 
used. Most preferably, the braze will comprise titanium 
as the active metal and a mixture of copper and silver as 
the filler metal. Generally, the braze will contain 
betwwen about 0.1 and about 5 weight percent ("w/o") 
active metal and between about 99.9 and about 95 w/o 
filler metal. Suitable such brazes are commercially 
available under the trade name Lucanex from Lucas- 
Milhaupt, Inc. of Cudahy, WI, and Cusil and Cusin from 
Wesgo, Inc. of Belmont, CA. Specific brazes found useful 
with the present invention include: Lucanex 721 and Cusil 
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Braze, each of which contains about 70,5 w/o silver , 
about 27.5 w/o copper, and about 2 w/o titanium. 

The ceramic portion of the present invention may be 
any ceramic commonly used in the igniter field. 
Preferably, the ceramic comprises aluminum nitride, 
molybdenum disilicide, and silicon carbide. More 
preferably, a mixture of aluminum nitride (A1N) , 
molybdenum disilicide (MoSi 2 ) and silicon carbide (SiC) , 
as disclosed in U.S. Patent No. 5, 045, 237 ("the Washburn 
patent") , the specification of which is wholly 
incorporated by reference herein, is used. 

The igniter preferably comprises about 40 to 70 
volume percent ("v/o") of a nitride ceramic and about 3 0 
to 60 v/o MoSi 2 and SiC in a volume ratio of from about 
1:3 to 3:1. A more preferred igniter has a varying 
composition as described by the Washburn patent. Figure 
1 presents an igniter of the present invention wherein 
the chemical composition of the igniter 10 is varied from 
a highly resistive portion 12 through an intermediate 
portion 14 to a highly conductive portion 16. 
Preferably, however, the intermediate portion 14 is 
omitted for ease of manufacturing. The igniter is also 
provided with the two active metal braze pads 18 and 18 ' 
to which electrical leads 20 and 20' are respectively 
soldered in accordance with this invention. 

The highly resistive portion 12 generally has a 
resistivity of at least about 0.04 ohm-cm, preferably at 
least about 0.07 ohm-cm in the temperature range of 1000 
to 1600 °C. It preferably comprises about 50 to 70 v/o 
nitride ceramic and about 30 to 50 v/o MoSi 2 and Sic in a 
volume ratio of about about 1 part MoSi2 to about 2 parts 
SiC. 

The intermediate portion 14, when present, 
preferably comprises about 50 to 70 v/o nitride ceramic 
and about 30 to 50 v/o MoSi 2 and SiC in a volume ratio of 
about 1:1. 

The highly conductive portion 16 generally has a 
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resistivity of less than about 0.005 ohm-cm, preferably 
less than about 0,003 ohm-cm, and most preferably less 
than about 0.001 ohm-cm in the temperature range of 100 
to 800 °C. It preferably comprises about 30 to 55 v/o 
5 nitride ceramic and about 45 to 70 v/o MoSi 2 and Sic in a 

volume ratio of from about 1:1 to about 2:3. 

Suitable nitrides for use as the resistive component 
of the ceramic igniter include silicon nitride, aluminum 
nitride, boron nitride, and mixtures thereof. Preferably 

10 the nitride is aluminum nitride. 

Electrical wire leads of the present invention are 
conventionally connected to the braze pads by a solder. 
The solder should be able to withstand temperatures of 
about 485 °C during use without degradation and also must 

15 have low resistivity. Generally, a solder having a 

melting point of above about 500 °C, and preferably above 
about 600°C is used. Suitable solders typically contain 
the following compounds in w/o: 

More 

20 Typical Preferable Preferable 

Embodiment Embodiment Embodiment 

Silver 1-90 10-70 15-60 

Copper 5-80 10-70 10-60 

Zinc 5-40 10-35 12-30 

25 Other Metals 0-40 0-30 0-30 

The "Other Metals" described above include one or more 
metals selected from aluminum, tin, indium, phosphorous, 
cadmium, and nickel. Suitable solders are commercially 
available under the trade name Safety-Si Iv from J.W. 

30 Harris Co., Inc. of Cincinnati, OH. A specific solder 

found useful herein is Safety-Silv 45 which nominally 
contains 45 w/o silver, 30 w/o copper, and 25 w/o zinc. 
Other specific solders which may be used include 
Safety-Silv 1200, which nominally contains 56% silver, 

35 22% copper, 17% zinc, and 5% tin, and Safety-Silv 1577 

which nominally contains 25% silver, 52%. 5 copper, and 
22.5 zinc. 

In soldering the lead wires to the braze pads, it 

8 
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has been. found advantageous to introduce the solder 
directly to the wire braze pad interface (coated with 
flux) . When a torch is applied to heat the interface, the 
solder flows into the wire and onto the brazed region to 
make a strong, conductive join. In some embodiments, an 
oxy-acetylene torch is used as the heat source. In other 
embodiments, a Microflame soldering head system utilizing 
hydrogen, available from mta/Schunk Automation of Old 
Saybirook, CT, is used. 

After the igniters are silk screened, they are 
fired, typically in a graphite fixture, in order to fuse 
the braze to the ceramic. Generally, the igniters are 
fired at between about 810 and about 890 °C for about 6-10 
minutes in a furnace having a pressure of less than about 
0.0001 torr. Alternatively, they may be fired in a 
continuous belt furnace having an argon atmosphere with a 
concentration of less than about 50 ppm oxygen. 

The igniters of the present invention may be used in 
many applications, including gas phase fuel ignition 
applications such as furnaces and cooking appliances. 
The practice of the present invention can be further ap- 
preciated from the following non-limiting Examples and 
Comparative Examples. 

EXAMPLE 1 

A double-legged hairpin ("U-shaped") ceramic igniter 

as shown in Fig. 1 was prepared from aluminum nitride, 

silicon carbide, and molybdenum disilicide in accordance 

with the teachings of the Washburn patent. The 

composition of the ceramic, in v/o, was as follows: 

Aluminum Molybdenum S i 1 icon 
Nitride Disilicide Carbide 

Conductive portion 50 30 20 

Resistive portion 60 13 27 

Next, an active metal brazing paste, Lucanex 721, 

manufactured by Lucas-Mihaupt, was heated by means of a 

refractory metal furnace under a high vacuum to a 

temperature of 875 °C for about 6 minutes in order to fuse 

the metal powder braze and chemically react it with the 
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ceramic substrate. The braze was then silk screened onto 
a 1000 um x 2500 um area of each of the legs to form a 
pad having a thickness of about 150 microns. 

To adhere a conventional copper electrical wire to 
each of the braze pads, Safety-Silv 45 Solder is used. 
The soldering was performed using an oxy-acetylene torch 
as a heat-source. The solder wire was dipped in a 
standard silver solder flux to flow into the join and 
clean the surfaces to be joined, allowing the silver 
solder to melt and flow into the braze pad-wire 
interface. The heat was removed and the joint was held 
in place for an additional 5 seconds until the solder 
hardened by cooling. 

The ceramic igniters produced by this process were 
then examined by visual and 2 OX binocular microscope for 
cracks in the braze pad. It was observed that less than 
about 0.4% of the braze pads had cracks. 

COMPARITIVE EXAMPLE I 

The procedure of Example 1 is repeated identically, 
except that the braze is merely brushed onto the ceramic 
substrate. The resulting pad had a thickness of about 
200 microns and an area of about 9.0 square millimeters. 

The ceramic igniters produced by this process 
were then examined as above for cracks in the braze pad. 
It was observed that more than about 30% of the braze 
pads had cracks. It is believed these cracks are due to 
the braze pads volume expansion caused by thermal shock 
from the heating required in the soldering process. 
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What is claimed is: 

1. A ceramic igniter comprising: 

a) a lead wire, 

b) a ceramic substrate, and 

c) a braze pad having a thickness of less than about 
150 microns, 

wherein the lead wire and ceramic substrate are placed in 
electrical connection by the braze pad. 

2. The igniter of claim 1 wherein the pad has a thickness 
of less than about 115 microns. 

3. The igniter of claim 1 wherein the pad has a thickness 
of less than about 80 microns. 

4. The igniter of claim 1 wherein the pad has an exposed 
surface area of less than 3.6 square millimeters. 

5. The ceramic igniter of Claim 1 which comprises an 
active metal selected from the group consisting of 
titanium, zirconium, niobium, nickel, palladium, and 
gold. 

6. The ceramic igniter of Claim 5 wherein the braze pad 
further comprises at least one filler metal selected from 
the group consisting of silver, copper, indium, tin, 
zinc, lead, cadmium, and phosphorous. 

7. The ceramic igniter of claim 1 wherein the braze pad 
comprises titanium, copper and silver. 

8. A method for making an improved ceramic igniter 
comprising an electrically conductive ceramic substrate, 
comprising the steps of: 

(a) silk screening a braze material onto the 
electrically conductive ceramic substrate to 
produce a braze pad, apd 

(b) soldering an electrical lead to said braze 
pad by means of a solder which melts at a 
temperature of at least about 500 °C. 

9. The method of Claim 8 wherein the braze material 
comprises an active metal selected from the group 
consisting of titanium, zirconium, niobium, nickel, 
palladium, and gold. 
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10. The method of Claim 9 wherein the braze material 
further comprises at least one filler metal selected from 
the group consisting of silver, copper, indium, tin, 
zinc, lead, cadmium, and phosphorous. 
5 11. The method of Claim 8 wherein the braze material 

comprises titanium, copper, and silver. 
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Die Erfindung bezieht sich auf ein Heizelement fur 
elektrischs Widerstandsofen mit einer in den zu be- 
heizenden Ofen ragenden Gliihschleife, deren Innen- 
durchmesser um ein Vielfaches groBer ist als der 
Abstand zwischen ihren durch ein IsolierstUck 5 
mechanisch verbundenen verdickten AnschluBenden. 

Heizelemente dieser Form sind an sich bekannt. 

Das Wesen der Erfindung' besteht darin, daB bei 
der beschriebenen Heizelementanordmmg die Gliih- 
schleife aus Verbindungen des Siliziums mit Ele- 10 
menten der IV. bis VLGruppe des Periodischen 
Systems der Elemente, vorzugsweise aus Molybdan- 
disilicid, besteht, die als Pulver mit einem Bindemittel 
angeteigt, ausgeformt und gesintert sind. Die Verwen- 
durg vonhochtemperaturbestandigenWerkstoffen der 15 
vorgenannten Art fiir Heizelemente ist an sich be- 
kannt. Demgegentiber kommt es bei der Erfindung 
auf die gleichzeitige Verwendung der eingangs ge- 
nannten besonderen Form des Heizelementes (mit 
Gliihschleife) und des in der vorerwahnten Weise zu- ao 
sammengesetzten und gebildeten hochtemperatur- 
bestandigen Werkstoffes an. Dies ergibt sich im ein- 
zelnen noch deutlicher aus der folgenden Be- 
schreibung. 

Die bekannten Chrom- und Chrom-Nickel-Legie- 35 
rungen konnen fur Temperaturen oberhalb 1200° C 
nicht mehr als Heizleiter verwendet werden. Fiir die- 
sen Temperaturbereich hat man daher pulver- 
metallurgisch hergestellte Hartstoffe entwickelt, 
welche auch in oxydierender Atmosphare bis etwa 30 
1700° C bestandig sind. Alle diese Hartstoffe sind 
auf dem Element Silicium aufgebaut, sei es nun in 
der Verbindung mit Kohlenstofl: oder aber als 
Disilicid der Obergangsmetalle der IV. bis VL Gruppe 
des Periodensystems. 35 

Diese harten und sproden Werkstoffe erfordern 
eine besonders stabile Ausfiihrungsform der Heiz- 
leiter. So verwendet man diese in Form von Staben 
oder Rohren, an deren beiden auseinanderliegenden 
Enden der StromanschluB erfolgt. In alien Fallen 40 
muB der StromanschluB wegen der thermischen Aus- 
dehnung des Stabes durch bewegliche Kontakte, die 
entweder flexibel angebracht sind oder mit Feder- 
druck an den Heizleiter gepreBt werden, erfolgen. 
Gerade fiir die hochsttemperaturbestandigen Heiz- 45 
leiter bis 1700° C, z. B. dem Molybdandisilicid, wird 
jedoch die Kontaktfrage zu einem besonderen 
Problem. Infolge des geringenWiderstandesderartiger 
Silicide mussen die StromanschluBteile fiir sehr hohe 
Stromstarken ausgelegt werden. Hierdurch werden 50 
die Kontakte unbeweglich und schwer, und das Heiz- 
element, welches bei der hochst zulassigen Tempe- 
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ratur von 1700° C beansprucht werden soli, unter- 
liegt bei diesen Arbeitstemperaturen nicht nur einer 
Durchbiegung, sondern versprodet auch sehr stark 
und ist bei ZwischenabkiWungen durch die Kontrak- 
tion bei derartig schweren Kontakten den Zug- und 
Biegebruchbeanspruchungen nicht mehr gewachsen, 
wodurch es bei derartigen Elementen sehr friihzeitig 
zum Bruch kommt. 

Die Erfindung beruht nun auf der Erkenntnis, daB 
die bisherigen Heizelemente auf der Grundlage von 
Siliciumhartstoffen in Stab- oder Rohrform den tech- 
nischen Anforderungen nicht genugen und daB in- 
folge der schlechten mechanisehen Eigenschaften, wie 
z. B. der Versprodung besonders bei den Typen fiir 
die htichsten Arbeitstemperaturen mit vorzugsweise 
Molybd&nt als Legierungsmetall des Siliciums, eine 
technische Anwendung groBerer Einheiten bisher 
nicht moglieh ist. Bei den neuen Heizelementen aus 
Hartstoffen auf Siliciumbasis, die als Legierungspart- 
ner Elemente der IV. bis VI. Gruppe des Perio- 
dischen Systems der Elemente, wie Kohlenstoff, 
Titan, Zirkon, Hafnium, Vanadium, Niob, Tantal, 
Chrom, Molybdan und Wolfram, und gegebenen- 
falls weitere metallische oder nichtmetallische Zu- 
slitze enthalten, befinden sich beide Stromzufuhrun- 
gen an demselben Elementende. Diese Stromzufiih- 
rungen liegen auBerhalb der Heizzone und sind durch 
zusatzliche isolierende Vorrichtungen f est miteinander 
verbunden. 

Heizelemente, deren beide Stromzufuhrungen an 
demselben Elementende angebracht sind, sind an sich 
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bekannt. Aus metafflschen, niintiestens in gewissen Vermeidung -von ttberhitzungen durch gegenseitige 

Sen plastisch verformbaren MateriaUen werden Anstrahlung derart schleifenfomiig ausgebildet sein, 

ST vXnedenen Formen, wie z. B. Spiralen, daB der Schenkelabstand m Heizteri groBer ist als 

Schletfen Haarnadeln n. a , hergesteUt. Der Vorteil dec Schenkelabstand «n kalten AnschluBteil. 

solcher Formen zeigt sich bei ihrer Verwendung in 5 Eine solche Ausgestaltung von HeKelementen aus 

etoem Ofen. FUr ein Element wird dann nur eine Hartstoffen auf Sihciumbasis ermoglicht nicht nur 

Durchftthrung durch' das keramische Isohermaterial ein Abfedern der Spannungen, welche infolge der 

benotigt; die Innenabmessung des Ofens kann daher thennischen Querausdehnung des Elementes geMde 

- im Unter'sctiied zu Ofen mif stab- oder rohr- werden, durch seine Schenkel, sondern gewahrlejstet 

formigen Elementen groBer alsvdie Elementlange u, auch die allseitig gtinstige Abstrahlung der im Heiz- 

gewahlt werden. Erne' derartige U-^zw. haarnadel- teil erzeugten Warme' auf das Heizgut. AuBeraemer- 

formige Ausbildung des Elementes -mit mechanisch moglicht eine derartige Anordnung ein eichtes Etn- 

fest verbundeneh Kontaktschenkeln ; verlangt jedoch fuhren des Mementes durch die vorzugsweise nu 

eine Kompensation der Querausdehnung bei der im Ofenboden oder nur m derOfendecke oder nur 

Aufheizung durch plastische Verformung der 15 in einer Ofenseite angebrachten Emfimrangsoffiiun- 

Elementschenkel. Sic "semen somit auf HeMeiter aus gen. AuBerdem kann bei den derart ausgebildeten 

Ssch verformbarem. Material beschrankt. Fiir Heizelementen der elek nsche AnschluB durch die 

HeSSSmateriaUen, wie z.B. Kohlestabe, gekoppelten StromanschluBenden ebenfalls starr er- 

SlnAnorfoung^ folgen. Der HeMeiter selbst kann daher viel 

^Sm^SS^lL^Liia^S^ a o schwacher als bei den UbUchen Ausffihrungsformen 

Ss verbundensindTaessenQuerausdehnungderder . dimensioniert werden, .wed ^er mechanisch nur 

Slktenden entsoreehen muB. durch das Eigengewicht ohne Kontakte belastet wird. 

mMm^^lSt^ Gefahr fiir der- Diese Tatsacheist, wie bereits aufgezeigt worden ist, 

J^Sl^Tl<^ct^rm,mmn g d,s bei den neuen HochsttemperaturheMeitern von 

Elementes durch gegenseitige Anstrahlung der nahe 25 groBter Bedeutong. 

^iX^rliefrenden Schenkel Die scMeifenformige Ausgestaltung der Heiz- 

TSz B ffaSfdS man fiir die aus Silicium- elemente ansVerbindungen desSiMums idtEknm. 

SitabsLd des" Elementes von einem anderen Systems*, vorzugsweise aus Molybdansihcid 1st so- 
Ekmen?ode7von einer Ofenwandiing einhalten muB, 30 mit, wie gefunden wurde, dann von besonderem Vo- 
der dem Produkt aus Stabdurchmesser mal * (3,1.42) teil, .wenn der Schenkelabstand der He^lement- 
entsSht Es £t sich jedoch gezeigt, daB bei der- enden, der zumindest kleiner als der Schenkelabstand 
aS SoBen Schenkellbstanden dfrAusgleich der im strahlenden SchleifenteU ist, ™ ""^fgf 
OueWdehnung deS ; Elementes durch den sproden der gesamten Langenausdehnung des Elementes be- 
StoSStoMMtet^- 35 ^ Es ™** g efunde \ daB derartige Formen aus 
EfnVAnoSm&L sie etwa dem bereits bekann- . den sproden Hartstoffen hergesteUt werden konnen, 
ten VoibM ^ vo^gTchSitzten Graphitstaben ent- wenn man die Elemente ^aus mit ^danttdo^- 
sSache kann also auf Heizelemente aus Hartstoff ten Pulvern, m plastischem Zustand m dieser Form 
auf Siiiciumbasis nicht iibertragen werden. Bei ausbddet und anschheBend sintert. 
SttoTSdSSiterial mag die Gefahr der 40 Bei groBerenAusfiihrungsformen der Heizelemente. 
Sefizung ^TSdSnr Bedeutoig sem. Graphit hat es sich bewahrt, hochfeuerfeste Stutzen aus mcM- 
iTTSuOdi einer unserer hochstschmelzenden leitendem Material anzubnngen. Als Matenahen fur 
Fes stoS iiberhaupt; Die Arbeitstemperaturen fur die erMdungsgen^Ben He^elemente kommen z B. 
SrapSeSe liegen etwa bei 50 bis 60% der ab- SiC, TiSi MoS 2 , WSL und andere , «fc .tod* 
Sten Schmelztemperatur des Heizleiterelementes. 45 temperaturbestandig und eletosch leitend bekannte 
GeSeSSffing und durch Uberhitzung der MateriaUen eventueU mit Zusatzen von ^ch^mA- 

SS5X3»«5£^ ma s so ^ bei zenden 0xyden> Karbiden> Boriden und/oder 

einem Graphitelement nicht von ausschlaggebender m Frage. . • , 

Bedeutung sein. Die erflndungsgemaBen MateriaUen Als Beispiele der Grundformen der Heiztoer smd 

so in Fig. 1 eine Q-Fom, in Fig. 2 eme ^M^MJander-) 

tem^ratoren,z.B.beiMolyl)dandi S mcidbeil700 o C, Form und in Fig.3 eme Birnenform dargesteUt. 

S bei 90 Vo der absoluten Schmelz- bzw. Zer- SamtUche Formen konnen mit runden, quadratischen 

SuiSiwitoai- verwendet. Eine nur gering- oder ahnlichen Querschnitten ausge^ werden 

SS^SSSVdnandBr zugekehrten Schen- Eine ProflUernng der Oberflache erleichtert in an sich 

SioUn S d£x erfahrungsgemaB sofort zum 55 bekannter Weise die Abstrahlung. Auch watt erne 

Sail L Ekmentes. Diese oblr! Grenztemperatur proMerte Oberflache versteifend und somit festig- 

S msSesSdere in oxydierender Atmosphere, be- keitserhohend im 

wonders exakt eineehalten werden, weU SD cium- Zeichnung sind die Gluhschleife mit 1, die AnschluB- 

SlSer eLe XS sTo 2 -Schicht benotigen. endenmit 2 und das die AnscMuBenden 2 mechamsch 

Diese schmilzt aber bekanntUch oberhalb 1700° C 60 verbmdende Isolierstuck mt 3 bezeichnet. 

ab Sd kann daher bei Oberhitzungen den darunter- Bei der Verwendung von ff^^Xltr 

liegenden Werkstoff nicht mehr schutzen. stoffen hat sich die in Fig. 4 darge steU Form der 

Die Anwendung der vorUegenden Erfindung auf AnschluBenden bewahrt Es ist bekannt, daB molyb- 

Heizelememe auf Sfliciumbasis ist daher noch an eine danhaltige Hartstofle m dem Temperaturbereich von 

Sfvoraussetzung gekniipft- Das heifie Ende des 65 300 bis 700° C einem sehr raschen oxydafaven l Zer- 

Sementes, welches foeistohlend, eventueU durch faU unterUegen. Dieser Z^erfaUserscheinung wird nun 

Swarmf este, elektHsch nicht leitende MateriaUen durch die Ausgestaltang der ^on^hMenden ^ 

gestutzt in den Ofenraum hineinragt, muB daher zur gegengewirkt. Durch Verdickung der AnschluBenden 
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wird die Bildung der Stromwarme in diesem Teil 
wesentlioh herabgesetzt. Da die AnschluBenden durch 
Luft oder zusatzliche Mittel gekuhlt werden, findet an 
der Obergangsstelle zwischen Gliihteil und AnschluB- 
ende ein starker Temperaturabfall statt, Durch eat- 5 
sprechende Dimensionierung und Kiihlung der An- 
schluBenden kann der Temperaturverlauf zwischen 
Gliihteil und AnschluBende so beeinfluBt werden, daB 
die kritische Temperaturzone von 300 bis 700° C in 
den Verdickungsteil fallt, wie dies in Fig. 4 ange- io 
deutet ist AuBerdem wird der oxydative Zerfall des 
molybdanhaltigenHeizleiterwerkstoflesweitgehendge- 
hemmt, wenn die kritische Temperaturzone des Heiz- 
leiterelementes gegeniiber dem Zutritt von Luft ab- 
geschlossen ist oder zumindest eine Luftstromung in 15 
diesen Teil verhindert ist. Durch das auf die An- 
schluBenden geschobene Isolierstiick 2 wird eine 
Luftstromung an den gefahrdeten Teilen des An- 
schluBendes vermieden. 

Die Herstellung des Heizelementes erfolgt nach ao 
einem weiteren Merkmal der Erfindung dadurch, daB 
die gepulverten Hartstoffe, die aus Verbindungen des 
Siliciums mit Elementen der IV. bis VI. Gruppe des 
Periodischen Systems bestehen, mit einem silicium- 
haltigen hydrolysierenden Bindemittel angeteigt und as 
ausgeformt werden. Der so erhaltene Formling wird 
dann in bekannter Weise einer Sinterung unterzogen 
und nach seiner Fertigstellung in das Isolierstiick 3 
mit semen AnschluBenden 2 eingesetzt. 

30 
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den Gluhschleife, deren Innendurchmesser um 
ein Vielf aches grofier ist alsder Abstand zwischen 
ihren durch ein Isolierstiick mechanisch verbun- 
denen verdickten AnschluBenden, dadurch ge- 
kennzeichnet, daB die Gliihschleife (1) aus Ver- 
bindungen des Siliciums mit Elementen der IV. 
bis VI. Gruppe des Periodischen Systems der 
Elemente, vorzugs weise aus MoSi 2 , besteht, die 
als Pulver mit einem Bindemittel angeteigt, aus- 
geformt und gesintert sind. 

2. Heizelement nach Anspruch 1, dadurch ge- 
kennzeichnet, daB die Oberflache im Heizteil 
profiliert ausgebildet ist. 

3. Heizelement, das Molybdan als Legierungs- 
metall enthalt, nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, daB die Temperaturzone von 
700 bis 300° C durch Vergroflerung des Quer- 
schnittes in den AnschluBenden liegt und eine 
Luftstromung durch das Isolierstiick (2) in diesem 
Teil verhindert ist. 

4. Heizelement nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB bei der 
Herstellung des Heizelementes als Bindemittel 
fiir das Anteigen des Pulvers ein hydrolysierendes 
Bindemittel, wie z. B, ein siliciumhaltiges, hydro- 
lysierendes Bindemittel, verwendet wird. 

In Betracht gezogene Druckschriften: 
Deutsche Patentschrift Nr. 498 827; 
osterreichische Patentschrift Nr. 87 132. 

In Betracht gezogene altere Patente: 
Deutsches Patent Nr. 1 010 668. 
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(A Communication from The Carbor- 
undum Company, a Corporation of the 
State of Delaware, United States of 
America, of Niagara Palls, in the 
County of Niagara and State of New 
York, United States of America). 
I, William John Tenkant, a British 
Subject, of 111/112, Hattori Garden, 
London, E.O.I, io hereby declare the 
nature of this invention and in what 
manner the same is to be performed, to 
be particularly described and ascertained 
in and by the following statement : — 

This invention relates to articles com- 
prising silicon carbide and is concerned 
with the manufacture of such articles by 
the process of building them up from a 
plurality of separate parts. 
f One application^ of the invention is to 
silicon carbide resistors, and particularly 
those made by recrystallising silicon 
carbide. # The' use of these resistors has 
been limited by the fact that they could 
only be made in simple shapes, for 
example, in the form of straight rods, and 
that there was difficulty in providing such 
resistors with, suitable terminal ends at 
low cost. These terminal ends of the 
resistor .engage the holding means by 
means of which the resistors are supported 
and by which the electrical energy is 
applied to the resistor. They are usually 
made of material having a lower specific 
resistance, than the main part of the 
resistor in order that they shall not get 
as hot as the main part of the resistor 
in use, and for this reason they are usu- 
ally called l( cold ends." The lower 
temperature at the ends of the resistor is 
desirable because the contact between the 
rod and the holding means would other- 
wise be destroyed by the high temperature 
of the main part of the resistor. 

One object of the present invention is 
to enable silicon carbide articles to be con- 
structed which, are not necessarily 
restricted to the simple shapes herein- 
before made and another object of the 
invention as applied to electrical resistors 
is to provide improved cold ends for these, 
resistors 

According to the invention there is pro- 
vided an article, for instance an electrical 
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resistor, comprising a plurality of silicon 
carbide-containing parts integrally united 55 
by & weld, or welds, comprising silicon 
carbide. One t or more of the silicon 
carbide-containing parts may consist of 
recrystallised silicon carbide. Further- 
more one pr more of these parts may con- 
sist of siliconised silicon-carbide, that is 
to say, t silicon carbide containing silicon 
in addition to that combined witE carbon 
to form the carbide,. 

The invention further comprises the Go 
method of manufacturing the article 
aforesaid according to which carbonaceous 
material is placed between adjacent 
surfaces of the silicon carbide-containing 
parts, and the temperature of the joint 
thereby formed is raised in the presence 
of t silicon until the silicon permeates the 
joint. 

The silicon carbide-containing parts 
may be formed by a recrystallisation 
process as described in Specification No. 
366,605 or in the known manner of pro- 
ducing silicon carbide articles which con- 
sists in first forming the article- of carbon- 
aceous material and then heating it in the 80 
presence of silicon. Thus, according to a 
further feature of the invention an alter- 
native method of making the article 
aforesaid comprises placing a part pre- 
formed of carbonaceous material adjacent 8§ 
to anothei\ similar part or a part contain- 
ing silicon carbide, with a layer of 
carbonaceous welding material between 
them, and heating the article in the 
presence of silicon so that the silicon 
permeates the joint to weld the two parts 
together and also permeates the carbon- 
aceous part, or parts, to convert it into 
a siliconised silicon-carbide body. 

The invention also comprises an elec- 
trical resistor formed of silicon carbide 
and provided with a terminal end, or 
ends, of siliconised silicon-carbide joined 
to the main part of the resistor by means 
of a weld comprising silicon carbide. 

The invention further comprises an 
electrical resistor formed of a plurality of 
parts composed of siliconised silicon- 
carbide joined together by means of a weld 
comprising silicon carbide. 

Reference is made to the accompanying 
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drawings in which there ar.e shown by 
way of example in Figures 1 to 4 various 
constructions of electrical resistors made 
in accordance with the present invention. 
5 Referring to Figure 1, there is shown 
a resistor of hexagonal shape comprising 
a plurality of straight rod-like % resistors 

10 joined together and to terminal end? 

11 by means of welds indicated at 12. The 
10 rods 10 are preformed by recrystallisin^ 

the compact variety of silicon carbide or 
mixtures of the compact and regular 
varieties by passing a current of electricity 
through the rods. The terminal ends 11 

15 are also preformed of recrystallised silicon 
carbide, for instance in the same manner 
as the resistor rods 10, or of porous carbon 
such as charcoal bonded by a carbonisable 
material such as casein, 

20 The resistor rods and terminal ends are 
assembled as shown in Figure 1 and 
welded into an integral structure. For 
this purpose, the ends to be joined are 
coated with a carbonisable welding 

25 material, for example, a paste formed of 
casein and water, and are then brought 
together on a plate of carbon which can 
be heated' to a high temperature by being 
connected in an electrical circuit. A 

30 small quantity of granular silicon is 
placed against each joint and in contact 
with the terminal ends and electric 
current is then passed through the carbon 
plate to raise its * temperature rapidly. 

35 The temperature of the parts being joined 
is raised to a high value, for instance 
above 1,800° C, such that the silicon 
rapidly penetrates the terminal ends and 
also permeates the welding material to 

40 weld the parts together. In the ease of 
terminal ends preformed of recrystallised 
silicon carbide the silicon merely impreg- 

. nates the terminal ends. In the case of 
terminal ends preformed of porous carbon, 

45 the silicon which penetrates the terminal 
ends combines with the carbon to form 
silicon carbide; one method of forming a 
silicon carbide article, described and 
claimed in Specification rTo. 513,203, 

50 comprises shaping the article from a 
mixture of finely divided carbon and 
. carbonisable binding material, placing 
the shaped article in contact with 
elemental silicon and heating the article 

65 and the silicon to a temperature sufficient 
to oause a rapid impregnation t of the 
silicon into the pores of the article and 
form silicon carbide in situ. Examina- 
tion of this silicon carbide by X-ray 

60 diffraction methods shows that it has a 
pattern characteristic of a cubic material 
in contradistinction to the usual kind of 
silicon carbide which is hexagonal or tri- 
gonal. The structure of ■ the silicon 

65 carbide formation, moreover, is reticular, 



that is, the silicon carbide forms a sjrib- " : 
stantially continuous network or skeleton 
structure throughout the article. l The 
article, in addition to its silicon carbide, 
contains silicon-rich material in the inter- 70 ; 
stices of the silicon carbide network or 
skeleton, and may also contain uncom- 
bined carbon, By the heat treatment in - * 
the presence of silicon, the silicon is also 
caused to permeate the welding material 75 
to form a similar reticular silicon carbide 
structure serving to weld the resistors .10 
together and to join the terminal ends 
thereto. It will be appreciated that in 
this process the silicon would also impreg- 80 
nate the parts of the resistors* 10 
immediately at the joints. 

Lhe terminal ends impregnated bj 
silicon carbide as aforesaid may be said 
to be composed of siliconised silicon 85 
carbide and they have a lower specific 
resistance than the main portion of the 
resistor which is composed of recrystallised 
silicon carbide. Thus, these .terminal 
ends will remain comparatively, cool in 90 
use of the resistor and constitute the 
required cold ends. 

A composition which has been found 
highly suitable for welding the joints- . 
between the separate parts of the resistor 95 
is made of the following ingredients : 

200 grama cereal flour 

500 grams carbon -r- 

200 grams charcoal- 
The above ingredients are thoroughly 100 
mixed dry and casein glue added to obtain, 
the required consistency, This consistency * 
can vary considerably, but for good 
results the following trends are observed/ 
For large porous objects the composition 105 
should have the consistency of a rather 
heavy mortar and the surfaces to be 
joined should be generously wetted with 
casein glue and the excess glue wiped off 
before the composition is applied. Small 110 
objects require a thinner welding.composi- 
tion, a mix as thin as paint being used 
on delicate objects which will not stand 
trowelling. . 

In Figure 2 there is shown in elevation 115- 
partly in section an electrical resistor of 
a t shape not readily suitable for construc- 
tion as a unit. This resistor is suitable 
for a temperature control device and may 
be generally of lower specific resistance 120' 
than that shown in Figure 1, In Figure 
2 a spiral element 13, a central terminal 
rod 14 and an outer terminal sleeve 15 are 
separately formed of porous carbon 
bonded by a carb.onisable material. . The 125 
spiral element 13 is- joined at its ends to 
the terminal rod 14 and the terminal 
sleeve- lo -respectively by welding. A 
carbonaceous welding material as herein- 
before described is introduced between the 130. 
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parts to be joined and the article is sub- 
jected to a temperature of at least 1,800° 
C. in the presence of granular silicon. 
By this treatment the individual parts 13, 
5 l| and 15 are permeated by the silicon 
and formed into a siliconised silcon- 
carbide composition. At the same time, 
the joints become welded to form an 
integral article as a result of the welding 

10 material being* permeated by the silicon. 
The terminal rod 14 and terminal sleeye 
15 are maintained in spaced relationship 
by means of an insulating refractory 
cement 17. If desired, the individual 

15 parts 13, 14 and 15 may be treated with 
silicon first to form silicon carbide-con- 
taining bodies and later welded together 
in the manner described. 
In Figure 3 there is shown a silicon 

20 carbide resistor element of the conven- 
tional rod shape provided with ff cold 
ends M in accordance with the invention. 
The main portion 18 of the resistor is 
made of recrystallised silicon carbide 

25 formed by passing a current of electricity 
through -a rod formed from the regular or 
compact variety of silicon carbide. For 
each end of tliis rod there is provided a 
terminal end 19 formed of porous^ carbon 

SO bonded by a carbonisable material and 
applied to the end of the main portion 18 
of the resistor with an interposed weldiug 
material, as hereinbefore described, in 
order to form the joints indicated at 20. 

36 The terminal ends and joints are then 
subjected to a temperature above approxi- 
mately 1,800° C in the presence of 
granular silicon such that the silicon per- 
meates the terminal ends to provide the 

40 required low specific resistance and also 
the joint in order integrally to unite the 
terminal ends to the main part 18 of the 
resistor. 

In Figure 4, there is shown an electrical 

15 resistor having a main heating portion 21 
of spiral f onn with straight ends 32 joined 

' to the spiral portion 21 by welds 23. § The 
main spiral and straight parts consist of 
siliconised silicon-carbide and they are 

$0 first formed of porous carbon and carbonis- 
able bonding material, for instance by 
extrusion in the case of the spiral, and 
then subjected to a temperature in excess 
of approximately 1,800° 0. in the pre- 

55 sence of silicon. The several parts are 
then joined by a carbonaceous welding 
material and heat treated in the presence 
of silicon as aforesaid or alternatively, the 
parts are joined in their initial form so 

60 that the one heat treatment in the pre- 
sence of silicon suffices, by^ this process 
the silicon permeates the joints and also 
the parts themselves, to unite them into 
an integral resistant element. ' 

65 . In addition to the specific examples 



already given, many other shaped articles 
can be made by welding together parts 
made of recrystallised silicon carbide 
and 7 or parts of siliconised silicon carbide 
made from a mixture of porous carbon and 70 
carbonisable materials. Parts of the 
latter form can be treated prior to the 
welding operation to form a body con- 
taining silicon carbide or may be trans- 
formed to a silicon carbide body at the 75 
time of welding. 

Silicon carbide articles made from 
porous carbon mixes have numerous pro- 
perties which make them particularly 
advantageous in the making of electrical 80 
resistors, and especially in forming the 
lf cold end n portions of, and extension or 
connector rods for, such resistors. Most 
important of properties t in this respect 
is its extremely low specific resistance (as 85 
compared to recrystallised silicon carbide 
bodies), whereby in operation considerably 
less power is dissipated and the resulting 
temperature of the " cold end " consider- 
ably lowered. Such material also has a 90 
much lower electrical contact resistance 
which tends to prevent arcing at the points 
of contact with the terminals or terminal 
rods and minimises local heating. When 
such arcs do occur through a faulty mech- 95 
anical contact there is less tendency for 
the arc to be sustained than in previously 
known forms of cold ended resistors. It 
is also possible to eliminate costly water- 
cooling units which have been used here- 100 
tofore. 

Having now particularly described and 
ascertained the nature of 'my said inven- 
tion and in what manner the same is to 
be performed, as communicated to me by 105 
my foreign Correspondents, I declare that 
what I claim is: — 

1. An article comprising a plurality of 
silicon carbide-containing parts integrally 
united by a weld, or welds, comprising 110 
silicon carbide. t ' . 

2. An article as claimed in claim 1, 
wherein one or more of the silicon carbide- 
containing parts consists of recrystallised 
silicon carbide. , ■ . \ , 

3. An article as claimed in claim 1 or 
claim 2, wherein one t or more of the 
silicon carbide-containing parts consists of 
siliconised silicon-carbide. 

4. The method of manufacturing the 120 
article claimed in any of the preceding 
claims, which comprises placing carbon- 
aceous material between adjacent surfaces 

of the silicon carbide -containing parts and 
raising the temperature of the joint in the 125 
presence of silicon until the silicon per- 
meates the joint. 

5. The . method of manufacturing the 
article claimed in any of the preceding 
claims 1 to 3, which comprises placing a 190 
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part preformed of carbonaceous material 
adjacent to another similar part or a part 
containing silicon carbide, with -a layer 
of carbonaceous welding material between 
5 them, and heating the article in the pre- 
sence of silicon so that the silicon per- 
meates the joint to weld the two parts 
together and also permeates the carbon- 
aceous part, or paxts, to convert it into 

10 a. siliconised silicon-carbide body. 

1 6. An electrical resistor formed of 
silicon carbide and provided with a 
terminal end, ( or ends, of siliconised 
silicon-carbide joined to the main part of 

15 the resistor by means of a weld compris- 
ing silicon carbide, 



7. An electrical resistor formed of. -a- 
plurality of parts composed of siliconised 
silicon-carbide joined together b^ means 

of a weld comprising silicon carbide; 20 

8. An electrical resistor substantially 
as herein described and as illustrated in 
any of the figures of the accompanying 
drawings. 

9. The method of manufacturing an 25 
electrical resistor substantially as herein v 
described. 

Dated this 11th day of April, 1938. - 
BOTJLT, WADE & TEN3MJ,- 
Chartered Patent Agents, 
111 & 112, Hatton Garden, London, E.O.I, 



Leamington Spa ; Printed for His Majesty's Stationery Office, by the Courier Press.— 1939. 
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We, Siemens-Plamawerke Aktiengesell- 
schaft Fur Kohlefabrikate, a German 
Company of Meitingen near Augsburg, Ger- 
many, do hereiby declare the invention, for 

5 which we pray that a patent may 'be granted 
to us, and the method by which it is to be 
performed, to be particularly described in 
and by the following statement :— 
Our invention relates to electrically con- 

UO ducting components, such as heating rods for 
furnaces, which consist of silicon-containing 
material, and are provided -with 'an electrical- 
ly conducting coating or surface layer; and 
our invention also concerns itself with a 

i5 method of producing such surface layers on 
a silicon-containing material. 

Silicon-containing materials are preferably 
employed for the production of very high 
temperatures. Particularly employed areelee- 

20 trie heating elements consisting of silicon car- 
bide or molybdenum silicide or titanium -sili- 
cide or another high-melting (refractory) sili- 
cide of a transition metal ifrom the fourth to 
sixth groups of the periodic system of 

25 elements, excluding those transition metals of 
period 7. It is a difficult matter to reliably 
provide the foody of a heating element with 
a contact layer as required for connecting the 
element to an electric cable or other electric- 

30 current supply component. 

It is known to provide a heating-element 
body of the above-mentioned type with a 
contact layer of aluminium by a metal- 
spraying method, This, however, involves the 

:35 danger that such a spray-deposited layer of 
aluminium, as soon as its thickness -becomes 
greater than about 1 mm, tends to scale off 
or tends to exhibit in its entirety a rather 'poor 
adhesion and can be pulled off in the form of 

40 a more or less closed sleeve. A mechanical 
anchoring of such a metal layer by notching, 
ring-shaped grooves and the like in the 
heating-element body can mechanically pre- 

[Pric< ^ 



vent such pulling of the contact sleeve from 
the element body. This, however, does not 
suffice to secure a fast broad-area adherence 
as required for a good transfer of electric 
current. It has also been proposed to subject 
aluminium layers, sprayed or extruded onto 
the silicon-containing body, to mechanical 
deformation -for the purpose of improving 
the area adherence. 

Detrimental to all mechanical expedients, 
however, is another phenomenon, That is, 
molybdenum silicide as well as other silicides 
tend to 'form relatively large quantities of 
SiOu-containing oxidation products at tem- 
peratures consideraibly lower itfoan the inj- 
candescent temperature to which the heating 
elements must often be subjected in normal 
operation. These oxidizing temperatures in 
many cases are only a few hundred degrees 
centigrade. In the case of MoSi 2 , for example, 
the oxidation products contain the oxide an- 
hydride of silicic acid as well as that of 
molybdic acid. The latter is known to have 
a very intensive tendency for growth. When 
the aluminium contact layer is not firmly 
area-joined with the silicide-containing 
heater-element body, the formation of the 
oxidation products results in a gradually in- 
creasing separation and loosening of the 
aluminium layer from the silicide-containing 
body and ultimately in an interruption of the 
electric contact. 

The method according to the invention may 
be used for producing a contact layer of alu- 
minium or other metallic material having a 
similar melting point, on a silicon-containing 
material consisting particularly of silicon car- 
bide or a high-melting (refractory) silicide, 
preferably of molybdenum silicide or titanium 
silicide. 

According to one aspect of the present in- 
vention there is provided a method (for pro- 
ducing a metallic contact layer on a silicon- 
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containing heating element body consisting 
of silicon carbide or a silicide, comprising 
depositing a first portion of said contact layer 
as a coating on the outer surface of said body 
5 while the latter is substantially at room tem- 
perature to form an initial thin layer having 
a thickness less than 1 m.m., and preferably 
of C.l to 0.5 mm., and thereafter depositing in 
molten condition a second portion as a coat- 

10 ing thicker than said first portion and of a 
material having a melting point at least as 
high as that of the material of said initial 
layer, whereiby any oxide forming on said 
initial layer is removed by the molten 
15 material of said second portion so that said 
first and second portions become bonded to- 
gether to form a unitary electrically conduct- 
ing contact layer tightly bonded to said 
element 'body. 

20 According to a second aspect of the present 
invention there is provided an article of 
manufacture comprising a silicon-containing 
heating element toody of a material compris- 
ing silicon carbide or one of the group con- 

25 sisting of silieides of the elements molyb- 
denum, titanium and other transition metals 
of the fourth to sixth groups of the periodic 
system, excluding the transition metals of 
period 7, said 'body having thereon a metallic 

30 electrically conductive contact layer formed 
of a plurality of coatings mutually forming 
an integral layer, the first of said coatings 
having been deposited on said body while the 
latter is substantially at room temperature 

35 and a second coating having been deposited 
onto said first coating in a molten condition. 

The first and second coatings may be of 
materials having a melting point in the range 
of those of aluminium and aluminium alloys, 

40 i.e. 600° to 1200°C. 

Preferably the first coating is deposited -by 
metal spraying, for example with the aid of 
a spray nozzle or extrusion nozzle, and then 
the enveloping cover layer is deposited by 

45 casting it in molten form about the first de- 
posited coating. 

Another way of proceeding according to 
the invention is to deposit the first metalliza- 
tion of the contact area by applying the con- 

50 act material electrolytically, 'by vapour de- 
position, thermal dissociation, or by cathode 
sputtering. Common to all these methods of 
deposition is the fact that the contacting area 
remains in cold condition, so that the forma- 

55 ion of an oxide layer on the surface of the 
silicon-containing material is avoided. This 
is of utmost importance for the desired result 
of 'the method according to the invention. 
If the underlying metal coating on the con- 

60 tact area of the silicon-containing body is 
deposited toy ths metal-spraying method, this 
method is preferaibly performed toy subjecting 
the contact area of the silicon-containing 
body to grinding so 'that it assumes a smooth 

65 surface condition. Then, with the toody in cold 



condition, a thin aluminium layer is sprayed 
onto the contact area. During spraying, the 
m^tal being sprayed solidifies pven while 
travelling through the air, and its kinetic 
energy causes it to become plastically de- 70- 
formed when impinging upon the body, thus 
securing a firm adhering pressure of the 
aluminium particles against the body of the 
heater element. As long as the spray- 
deposited coating remains thin, it secures an 75- 
excellent electrical contact. However, while 
such a thin coating serves for establishing a 
good electric contact, it is in itself insufficient 
for reliable attachment of a terminal or other 
current conductor. This possibility, however, 80 
is afforded by the second, thicker layer which 
according to the invention is deposited in 
molten and hence liquid condition of the 
contact material. As mentioned, it is prefer- 
able to cast the cover layer about the spray- 85 
deposited thin layer. If for this purpose the 
contact surface of the silicide-containingbody 
is heated, an oxide coating will be formed, tout 
now this oxide coating does not occur on the 
silicide-containing surface of the heater- 90 
element toody proper but rather on the surface 
of the spray-deposited aluminium layer. The 
oxide layer forming at this location is not 
detrimental. When it is contacted by the 
molten aluminium forming the second layer, 95 
the underlying spray-deposited aluminium 
layer becomes dissolved and liquified and 
thus becomes bonded with the melt otf alu- 
minium being cast about the toody under 
conditions which cause removal of the oxide 100 
skin previously formed on the underlying 
aluminium layer. Any oxidic residue may 
then appear as a scum on the outer surface 
of the outer layer. 

The same result can be obtained by substi- 105 
tuting the casting of aluminium toy immersion 
of the initially coated toody into a mass of 
molten aluminium, or toy embedding the ini- 
tially aluminium-coated body in comminuted 
aluminium such as shavings, granules, or 110 
grains which) thereafter are heated to the 
melting point of this embedding mass of alu- 
minium. 

During subsequent cooling, the metal en- 
velope produced in any of the ways according 115 
to the invention described above contracts to 
a greater extent than the silicon-containing 
material of the heater element. Consequently, 
an elastic deformation of the metal envelope 
now takes place. As a result, an electric con- 120' 
tact with the heater body is secured of such 
a good mechanical quality that it remains 
preserved even after repeated, relatively 
slight heating of the contacted envelope dur- 
ing operation of the heater element. 125 

The invention will toe further explained 
with reference to the embodiments of heater 
elements according to the invention illustrated 
by way of example on the accompanying 
drawings in which : 130 



989,502 



3 



Figure 1 is a plan view of a complete 
heater element. 

[Figures 2, 3 and 4 show, partly in section, 
the ends of respectively different heater- 

5 element 'bodies; and 

Figure 5 is a lateral view of a contacted 
end of a heater element body with an electric 
cable attached thereto. 
The main portion of the heater element 

10 shown in Figure 1 is constituted by the heater 
element proper and consists of the silicide- 
containing material, preferably of molyb- 
denum silicide or titanium silicide. The main 
portion has a hairpin-shaped major part 1 of 

15 smaller cross section than the respective ends 
2 and serves to assume glowing temperature 
during operation. The parts 2 consist of the 
same material and are integral with the part 
1 but, due to their larger cross section, assume 

20 lower temperatures during operation. The two 
end parts 2 are followed by the contact por- 
tions 3 which are continuations of the low- 
temperature parts 2 and consist of the same 
silicide-conaining material as the parts 1 and 

25 2. However, the parts 3 are enveloped in a 
contact layer and their respective ultimate 
ends 4 each form a terminal for connection 
to a cable or other conductor 5 consisting, for 
example, of aluminium Btz material. A con- 

30 nector, such us a terminal screw or bolt, joins 
the cable 5 with the end portion 3, The outer 
end of each cable 5 is joined with a cable 
shoe 6 for accommodating a pressure screw 
or the like attaching means for connection of 

35 the heating element to current-supply busses. 
The operating temperature of the glowing 
part 1 of smaller cross seotion is at about 
1700°C. The low-temperature part 2 is then 
at temperatures between 300°C and 700°C, 

■40 naturally with a gradual transition zone be- 
tween the above-mentioned high temperature 
tr the lower temperature. When tthe element 
is in operation, the contact part 3 protrudes 
out of the furnace in which a heaiter element 

45 of the illustrated type is being used. Conse- 
quently, the part 3 has a still lower operating 
temperaiture than the low-temperature part 2 
of the element. 
Figures 2 and 3 show on larger scale only 

50 one end of the heater-element body in order 
to illustrate in which particular manner the 
contact layer is joined with the body of the 
element. 

According to Figure 2, the end 10 of the 
55 heater element has a symmetrical shape of 
circular cross section. When producing the 
element, a thin aluminium layer of about 0.1 
to 0.5 mm thickness is spray-deposited at 11. 
Thereafter the second layer 12 is deposited. 
60 For lucidity of illustration, the two layers 11 
and the thicker layer 12, the latter being 
about 2 mm thick, are shown as separate 
strata. In reality, however, the original spray- 
deposited coating 11, as explained above, is 
65 melted when the outer layer 12 is cast about 



the end of the heater element so that the two 
layers 11 and 12 become more or less 
coalesced and form a single unitary layer. A 
decisive advantage is the fact that after com- 
pletion of this contact layer, no oxide layer 7)0 
is interposed between the contact layer and 
the end 10 of the heater element, because no 
oxide skin is formed when the metal layer 
1 1 is being sprayed onto the cold heater ele- 
ment; whereas any oxide layer occurring 75 
during heating of the element body, already 
provided with the layer 11, occurs on this 
layer 11 and is dissolved and floated away 
when the layer 12 is cast about the body. For 
that reason, the method according to the in- 80 
vention reliably produces a sufficiently thick 
and strong contact layer of excellent ad- 
herence to the silicon-containing material of 
the heater element 10 proper. 

In the embodiment according to Figure 3, 85 
the end of the silicide-containing body of the 
heater element to be provided with a contact 
layer is also of circular cross section but is 
given a shape which, seen from the glowing 
part of the element, first tapers toward the 90 
axis of the body and thereafter again widens. 
Placed upon this part 20 of the element body 
is a thin aluminium layer 21 of essentially 
uniform thickness. Thereafter the portion 20 
and the spray-deposited layer 21 of the heater 95 
element are surrounded by casting with an 
envelope 22 of aluminium whose outer sur- 
face is cylindrical. Relative to the coalescence 
of the layers 21 and 22, the foregoing ex- 
planation of layers 11 and 12 in Figure 2 is 100 
also applicable to the embodiment of Figure 
3. The drawing here again shows the two 
layers as separate strata only lor the purpose 
ol lucid illustration. With respect to the 
electric current transfer, the embodiment of 105 
Figure 3 also corresponds to that ot Figure 
2. In addition, however, the embodiment of 
Figure 3 affords the advantage of better re- 
sisting any mechanical pull in the direction of 
the longitudinal axis of part 20 and layers lift 
21, 22. Consequently, the envelope 22 cannot 
be stripped off for mechanical reasons ol 
structure as well as of metallic bonding. 

The embodiment of Figure 4 generally cor- 
responds to that of Figure 2. The free end of 115 
the heater-element body is denoted by 30. 
The spray-deposited thin layer of metal is 
designated as 31, and the thicker contact 
layer, cast about the layer 31, is denoted by 
32. The part 30 is provided with regularly or 120 
irregularly shaped or distributed recesses 30a 
preferably of semispherical configuration. 
The thin metal layer 3.1 is spray-deposited 
upon the surface of the part 30 with substan- 
tially uniform thickness throughout. The con- 125 
tact layer 32 is cast about the body and is 
given an external cylindrical surface. In such 
a design, the recesses in the body of the 
heater element take care that the contact 
sleeve 32 cannot be stripped off even if a 130 
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strong pulling force is applied 

As mentioned, aluminium or an aluminium 
alloy is particularly suitable for use in the 
spray-deposited layer as well as in the sur 
5 rounding cast layer. However, instead of alu- 
minium, other contact materials can also be 
used which liave a melting point not too far 
remote from that of aluminium or aluminium 
alloys, in comparision with the melting or 
10 operating temperature of the silicon-contain- 
ing material The 'Jirst layer and the second 
layer, that is, in the preferred embodiments, 
the spray-deposited inner layer and the outer 
or cast layer, can also be made of respectively 
15 different contact materials so chosen that the 
first-deposited layer serving for metallizing 
the contact end of the heater-element body, 
may melt at least superficially when the 
second, thicker layer is being cast about the 

20 inner layer, so that any oxide coatings which 
may have been formed when the contact end 
was heated during the casting operation, are 
floated away. 
The silicon-containing body of the heater 

25 element is very brittle. If a reliable electric 
contact engagement is to be obtained, it is 
not only necessary to secure a reliable electric 
contact between the end of the element body 
. and a metal layer as described above, but it is 

30 also desirable to ensure a good connection 
of the cable, terminal or other circuit com- 
ponent that must be connected with the ele- 
ment. It has been found that if such a 
current-conducting component is directly 

35 clamped to the contact end of the element, 
the brittle ibody of the element may easily be 
cracked or broken. Furhermore, such heater 
elements may have law-ohmic resistance and 
operate with relatively high current inten* 

40 sities. Under such conditions, there is the 
clanger that the current supplying components 
may be subjected to considerable heating, 
which also requires the provision of a per- 
manently reliable contact connection. 

45 Figure 5 illustrates an embodiment, which 
satisfies the just-mentioned requirements and 
desiderata and shows a suitable attachment 
to a contact surface on a heating element 
produced and designed in acordance with the 

.50 invention. According to this embodiment, the 
contact end of the element body is flattened 
;as indicated by the separation line 40 in 
.Figure 5. These angularly related lines 40 
represent respective planes that are both per- 

35 pendicular to the plane of illustration. The 
contact end of the silicon-containing body, 
here denoted by 41, is flattened at the loca- 
tion area in accordance with these two boun- 
dary planes 40, the flattening being done by 

60 machining, for example. 

Deposited upon the contact end 41 of the 
element body, thus flattened at 40. are the two 
above-described metal layers 42 and 43. A 
cable 44 of aluminium litz is equipped with 

65 a cable shoe 45 preferably consisting also of 



aluminium. The cable shoe 45 is in good elec- 
trical contact with the bare ends of the litz 
wires of the cable 44. The shoe 45 has the 
nesting shape apparent from Figure 5. and 
contacts the flattened area, Consequently, 70 
when mounted together with the heater ele- 
ment, the shoe 45 supplements the flattened 
end of the element so as to form a full cylin- 
der together therewith. Thus joined together 
with the heater element, the cable shoe 45 is 75 
fastened together with the contact end of the 
element body 41 by an aluminium rivet 46. 
Another way of joining the cable shoe 45 
with the element body 43 is by cold welding 
or by upsetting under pressure, All of these 80 
joining methods are known and available as 
permanent connections as contrasted to re- 
movable screw or clamp connections. 
WHAT WE CLAIM IS : 

1. Method for producing a metallic con- 85 
tact layer on a silicon-containing heating 
element body consisting of silicon carbide or 

a siUcide, comprising depositing a first por- 
tion of said contact layer as a coating on the 
outer surface of said body while the latter is 90 
substantially at room temperature to form 
an initial thin layer having a thickness less 
than 1 mm,, and preferably of 0,1 to 0.5 mm., 
and thereafter depositing in molten condition 9 ~ 
a second portion as a coating thicker than 
said first portion and of a material having a 
melting point at least as high as that of the 
material of said initial layer, whereby any 
oxide forming on said initial layer is removed 
by the molten material of said second portion lulr 
so that said first and second portions become 
bonded together to form a unitary electrically 
conducting contact layer tightly bonded to 
said element body. 

2. Method according to claim 1, said first 1( -'5 
•portion of said contact layer being deposited 

by spray metallizing, and said second portion 
being deposited by casting the molten 
material around said first portion. . 1 

3. An article of manufacture comprising ilu 
a silicon-containing heating element body of 

a material comprising silicon carbide or one 
of the group consisting of silicides of the 
elements molybdenum, titanium and other 
transition metals of the fourth to sixth groups 115 
of the periodic system, excluding the transi- 
tion metals of period 7, said body having 
thereon a metallic electrically conductive con- 
tact layer formed of a plurality of coatings 
mutually forming an integral layer, the first 120 
of said coatings having been deposited on 
said body while the latter is substantially at 
room temperature, and a second coating hay- 
ing been deposited onto said first coating in 
a molten condition. 125 

4. An article according to claim 3, where- 
in said first and second coatings are of 
materials having a melting point in the range 
of those of aluminium and aluminium alloys, 

i.e. 600°C. to 1200°C. 130 
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5, An article according to claim 3 or 4, 
wherein the first coating has 'been applied 
with a thickness of less than 1 mm. and pre- 
ferably -between .1 mm. and .5 mm.. 
5 6. An article according to claim 3, 4 or 5, 
at least one of said coatings comprising said 
contact layer consisting of aluminium. 

7. An article according to any one of 
claims 3 to 6, and further including current 

10 supply means permanently joined with said 
contact layer. 

8. An article according to claim 7, said 
current supply means comprising flexible alu- 
minium lite cable, and rivet means forming 

15 the joint between said aluminium cable and 
said contact layer and with said heating ele- 
ment body. 

9. An article according to claim 8, said 
heating element body having a shaped con- 

20 neoting sleeve, and said current supply means 
comprising a connecting cable having a 
metallic cable shoe matable with said shaped 
sleeve, said rivet means joining said connect- 
ing sleeve with said cable shoe. 

25 10- An article according to one of claims 
3 to 9, said body being formed with at least 
one inwardly concave recess, and said con- 



tact layer having an inwardly projecting sur- 
face mating with said re.cess for providing 
mechanical resistance to axial shearing forces 30 
tending to pull said contact layer from said 
body. 

11. A method for producing a metallic 
contact layer on a silicon-containing heating 
element body consisting of silicon catfbide or 35 
a silicide, substantially as hereinbefore 
described with reference to Figures 1, 5 and 
any one of 'Figures & to 4 of the accompany- 
ing drawings. 

12. An article of manufacture comprising 40 
a silicon-oontaining heating element body 
manufactured by the method according to 
claim 1 or 2. 

13. An article of manufacture comprising 

a silicon-containing heating element body 45 
substantially as hereinbefore described with 
reference to Figures 1, 5 and any one of 
Figures 2 to 4 of the accompanying drawings. 

HASBLT1NE, (LAKE & CO., 
Chartered Patent Agents 
28, Southampton Buildings, 
Chancery Lane, London, W.C.2. 
Agents for the Applicants. 
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(71) We, Philips Electronic and 
Associated, Industries LiivimD, of Abacus 
House, 33 Gutter Lane, London, E.C.2., a 
British Company, do hereby declare the in- 
5 vention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

10 ^ THIS INVENTION relates to micro-heat- 
ing elements, which are to be understood in 
this Specification to mean elements in which 
the heating resistor is not longer than three 
millimetres. 

15 Such heating elements may be used for 
heating cathodes for small-size electron tubes 
such as are used, for example, in mobile 
radio-telephones and transistorized television 
sets. 

20 Heating elements of metal have the dis- 
advantage that their resistivity is not very 
high so that stable elements of a sufficiently 
high resistance can only be obtained with 
difficulty, if at all. 

25 Semiconductor materials have a higher re- 
sistivity. For the purpose referred to above, 
they must however be able to withstand high 
temperatures and must also be chemically 
fairly inert. This desired combination of pro- 

30 perties is found in silicon carbide. 

Such micro-heating elements could be ob- 
tained by grinding down silicon carbide cry- 
stals, but these are comparatively expensive 
and difficult to grind to size. If considerably 

35 cheaper silicon carbide plates obtained by 
sintering are used, then difficulties are en- 
countered in manufacturing large quantities 
of elements of uniform resistivity. Further- 
more, sintered elements of small dimensions 

40 are very weak mechanically. 

The invention provides a micro-heating ele- 
ment, comprising a silicon carbide single-cry- 
stal whisker less than 3 mm long and pro- 
vided with electric supply conductors there- 

45 to. 

[Price 2Sp] 



Such a "whisker", i.e. a grown single-crystal 
hair4ike -filament, may have a circular/ poly- 
gonal, or other cross-section. It may be strip- 
shaped. 

The whiskers may, for example, be re- 50 
producibly manufactured by depositing them 
on the walls of a cavity present in a silicon 
carbide body by recrystallisation and/or con- 
densation of silicon carbide in an inert gas 
atmosphere containing lanthanum at tempera- 55 
tures above 2000°C, preferably between 2200° 
C and 2600°C. Such a method is described 
and claimed in Patent Specification 
1,208,001. 

In another method the whisker crystals may 60 
be grown on a substrate from a gas phase con- 
taining silicon and carbon by providing finely- 
divided iron locally on the substrate and heat- 
ing it to a temperature above 1200° C, dur- 
ing which process silicon and carbon are 65 
absorbed from the gas phase by the iron, and 
silicon carbide crystals are deposited on the 
substrate. Such a method is described and 
claimed in co-pending Patent Application 
56404/67 Serial No. 1213156. 70 

As is well-known it is important that heat- 
ing elements should have a positive tempera- 
ture coefficient of resistance. This may in the 
present example be achieved by carrying out 
the whisker crystallisation in an atmosphere 75 
containing a suitable additive, such as nitrogen, 
which will be incorporated in the whiskers. 

After obtaining whiskers of the desired 
thickness and resistivity in the manner des- 
cribed, they may be divided along their length 80 
direction to provide a large number of heat- 
ing elements. 

In order that the invention may be readily 
carried into effect an embodiment will now be 
described in detail, by way of example with 85 
reference to the accompanying diagrammatic 
drawing, which shows a cathode having a heat- 
ing element according to the invention. 

A silicon carbide crystal containing an addi- 
tive such as 10 17 atoms per cm 3 of nitrogen 90 
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to make its temperature coefficient of resist- 
ance positive is indicated by 1, Current supply 
wires 2 may be provided in a simple manner 
by connecting the ends of the whisker 1 to 

5 wires of a refractory metal, for example by 
means of solder 3 consisting of a gold alloy 
containing 5% by weight of tantalum. Such 
joints can withstand temperatures up to 1300 
C. Suitable soldering materials for higher 

10 temperatures are, for example, nickel contain- 
taing 5% by weight of molybdenum (up to 
1500°C) or of tungsten (up to 1800° C). 

When using the heating element 1 in a 
cathode of an electron tube, it is important 

15 that the heating circuit should be electrically 
separated from the cathode. In the embodi- 
ment shown this is achieved in a simple man- 
ner by providing an insulating layer 4 on the 
crystal. This layer can withstand high tem- 

20 peratures and may be made, for example, of 
an oxide or nitride of aluminium or silicon. 
On this layer is deposited a metal layer which 
carries a mass 5 of a thermionic emitter, for 
example barium oxide containing an addition 

25 of calcium, 

WHAT WE CLAIM IS: — 

1. A micro-heating element, comprising a 



silicon carbide single-crystal whisker less than 
3 mm long and provided with electric cur- 
rent supply conductors thereto. 

2. An element as claimed in Claim 1, 
wherein the silicon carbide contains an addi- 
tive which makes its temperature coefficient 
of resistance positive. 

3. An element as claimed in Claim 2 where- 
in the additive comprises nitrogen. 

4. An indirectly heated cathode including 
a micro-heating element, substantially as here- 
in described with reference to the accompany- 
ing drawing. 

5. An indirectly heated cathode provided 
with a heating element as claimed in any of 
Claims 1 to 3. 

6. An electric discharge tube including a 
cathode as claimed in Claim 4 or Claim 5. 



G A, CLARK, 
Chartered Patent Agent, 

Century House, 
Shaftesbury Avenue, 

London, W.C.2. 
Agent for the Applicants. 
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(54) HEATING ELEMENT 

(71) We, The Carborundum Company, underneath and permitting the above-des- 

of 1625, Buffalo Avenue, Niagara Falls, New cribed undesirable chimney effect to oxidize 

York, United States of America, a corpora- and degrade the heating element. Differences 

tion organized and existing under the laws in resistance between the legs of the star 

5 of the State of Delaware, United States of connection also frequently cause undesir- 55 

America, do hereby declare the invention, ably uneven heating. Since the elongated 

for which we pray that a patent may be conductors are inserted in the connecting 

granted to us, and the method by which member, the transverse dimension of the 

it is to be performed, to be particularly des- connecting member must be greater than 

10 cribed in and by the following statement:— that of the elongated conductors requiring 60 

This invention relates to heating elements a larger hole in the furnace wall 
and, more particularly, to electrical heating Accordingly it is an object of the pre- 

elements. sent invention to provide a heating element 

Electrical heating elements, such as those which is substantially free of one or more 

15 of silicon carbide, which are capable of pro- of the disadvantages of previously proposed 65 

ducing and withstanding temperatures in the elements. 

range of 1000 to 1500°C are well-known in Another object is to provide novel heating 

the art, These heating elements are used in elements which do not require the use of 

a variety of applications but are especially plugs in order to eliminate the chimney 

20 useful in the production of float glass where- effect, 70 

in they are inserted into a furnace through # According to the present invention there 

a hole in the furnace wall. Such heating ele- is provided a heating element for an electric 

ments generally comprise three elongated furnace, said element being adapted for 

conductors each having a low resistance seg- three-phase star connection and comprising 

25 ment and a high resistance segment wherein three conductors and^ a common connecting 75 

the high resistance segments are connected member, each of said conductors being a 

to one another by a connecting member in tubular member comprising, at least in part, 

a three-phase star connection. The con- silicon carbide, said tubular members each 

necting member is generally of a material having a low resistance segment and a high 

30 having the same resistivity as the high re- resistance segment, the free ends of said high 80 
sistance segments of the elongated conduc- resistance segments being fixed to said corn- 
tors. The elongated conductors are generally mon connecting member and being closed 
in the form of hollow tubes in order to pro- thereby, and said connecting member corn- 
vide a high surface area for heat radiation prising silicon carbide of lower resistivity 

35 while providing a relatively small cross- than that of the conductors, 85 
section of material transverse to current flow Embodiments of the present invention will 

to provide for electrical resistance heating, now be described with reference to the ac- 

These elongated conductors are generally in- companying drawing, wherein : 
serted in holes in the connecting member. Figure 1 is a side elevational view, par- 

40 When the elongated conductors are in the tially in cross-section, of one form of heat- 90 

form of tubes, plugs are inserted in the ends ing element according to the present inven- 

of the conductors in order to eliminate oxi- tion; 

dation of the tubes caused by hot gases Figure 2 is a side elevational view, par- 
passing therethrough, i.e. the so-called tially in cross-section, of another form of 

45 "chimney effect" which occurs when the heating element according to the present 95 
tubes are in a vertical position. invention; 

Although such heating elements have Figure 3 is a perspective view of a connect- 
found wide acceptance they suffer from a ing member in the heating element of Fig. 1; 
number of disadvantages. ■ First, the plugs Figure 4 is a cross-sectional view of the 

50 are prone to fall out damaging the glass heating element along line 4—4 of Fig, 1; 100 
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Figure 5 is a cross-sectional view along 
the line 5— 5 of Fig, 1; 

Figure 6 is a cross-sectional view along 
the line 6— 6 of Fig. 2; 
5 Figure 7 is a schematic diagram of the 
resistances of the various portions of the 
heating elements of Figs, 1 and 2, showing 
the heating elements connected in three- 
phase star connection, 
10 Referring now to Figs. 1, 4 and 5, the 
heating element 10 comprises three elongated 
tubular parallel conductors 11, 12 and 13 
joined together at one end by a connecting 
member 14. 

15 The conductor 11 has a tubular low re- 
sistance segment 15 and a tubular high re- 
sistance segment 16. In the end of the low 
resistance segment 15 remote from the high 
resistance segment 16 is a transverse hole 

20 which receives a pin 17 which is employed 
in a known manner to keep the heating ele- 
ment 10 from slipping into the furnace. The 
end of the conductor 11 remote from the 
connecting member 14 is provided with an 

25 aluminium coating 18 which constitutes 
means for electrically connecting this end 
to a source of power not shown. The low 
resistance segment 15 is attached to the high 
resistance segment 16 by any convenient 

30 means, such as a welding or by use of the 
cementitious composition described in U.S. 
Patent 2,907, 972 and especially Example 2 
thereof. Given that the high resistance seg- 
ment is made of silicon carbide, the low 

35 resistance segment 15 can be of any suitable 
material which will withstand the tempera- 
tures to which the heating element is raised 
but is preferably a carbonaceous material 
which has been impregnated with silicon 

40 i n order to reduce its total overall electrical 
resistance and is preferably constructed of a 
material having a resistivity of 0,0005 to 
0.010 and preferably 0.002 to 0.003 ohm- 
centimeters at room temperature about 

45 25°C One such material found suitable for 
the purpose is that made according to U.S. 
Patent No. 2,431,326. The tubular low re- 
sistance segment 15 and the tubular high 
resistance segment 16 generally have equal 

50 outer diameters but the inside diameter of 
the low resistance segment 15 is preferably 
less than that of the high resistance segment 
16. Given that the low resistance segment 
is made' of silicon carbide, the high resist- 

55 ance segment 16 can be constructed of any 
suitable" material which will withstand the 
temperatures , to which it is raised but is 
generally htm grain silicon carbide , having 
a resistivity of 0.001 to 10.0 and preferably 

60 0.09 to 1.10 ohm-centimeters measured at 
the operating temperature and is preferably 
a silicon carbide body produced as des- 
cribed in U.S. Patent No. 2,941,962. The 
conductors 12 and 13 are identical to con- 

65 doctor 11. The connecting member 14 which 



is fabricated in one piece, is provided with 
a cylindrical projection 19 having an out- 
side diameter substantially equal to the in- 
side diameter of the high resistance segment 
16 of the conductor 11. The cylindrical pro- 70 
jection 19 is received in the conductor 11 to 
form a rigid, electrically conductive junc- 
tion. 

Referring now to Fig. 2, the heating ele- 
ment 20 comprises three conductors 21, 22 75 
and 23 connected at one end by connecting 
member 24 which is identical to connecting 
member 14. The conductor 21 comprises 
a low resistance segment 25 and a high 
resistance segment 26 formed by cutting a 80 
uniform helical slit 27 through the wall of 
the segment 26. The conductors 22 and 23 
are identical to the conductor 21 and are 
connected to the connecting member 24 in 
the same manner as in the heating element 85 
10. Fig. 2 illustrates the manner in which 
the heating elements 10 and 20 are inserted 
through a" hole in the wall of the furnace. 
The conductors 21, 22 and 23 fit through 
holes in a frustoconical plug 29 which is 90 
seated in a correspondingly shaped hole in 
the upper wall of the furnace, When in- 
serted in the hole, the plug 29 occupies the 
illustrated position under its own weight and 
that of the heating element 20. The pin 17 95 
which may be a refractory metal or ceramic 
material keeps the element 20 from slip- 
ping into the furnace. 

As shown in Fig, 3, the connecting mem- 
ber 14 comprises a base portion 30 having 100 
attached to the upper surface thereof three 
cylindrical projections 19, 31 and 32 the 
axes of each of which are perpendicular to 
the upper surface 33 of the base member 
30 and are parallel to one another. As is 105 
apparent the projections 19, 31 and 32 serve 
to close the ends of the conductors 11, 12 . 
and 13 and therefore eliminate the chimney 
effect. Furthermore should one of the pro- 
jections come loose the connecting member 110 
14 will still be fixedly held by the other 
two . projections and cannot fall into the 
furnace as can the plugs used in prior ele- 
ments. The connecting member 14 is made 
of silicon carbide of high density and low 115 
resistivity and preferably has a density of 
3.00 to 3.10 grams per cubic centimeter and 
a resistivity of 0.001 to 1.0, and preferably 
0.01 to 0.10 ohm-centimeters at room tem- 
perature (about 25°C). The connecting 120 
member 14 is most preferably silicon carb- 
ide* produced as described in U.S. Patents 
Nos, 2,907,972 and 2,938,807. The area A 
(Fig. 3). measured transverse to the direction 
of flow of current in the base portion 30 is 125 
greater and preferably at least three times 
greater than the area measured transverse 
to current flow of the segments 16 or 26. 
The length L, of the connecting member 
14 is preferably no greater than the maxi- 130 
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mum distance between extreme portions of 
the conductors 11 and 13. By means of this 
construction, the heating elements. 10 or 20 
can be inserted through a hole in the furnace 
5 wall which is no. bigger than the maximum 
distance between extreme portions -of .the 
conductors 11 and 13, Furthermore, in 
existing furnaces designed to accommodate 
heating elements employing the larger prior 
10 connecting members, heating elements of the 
present invention can be employed which 
have conductors of larger diameters and 
therefore larger heat radiating surfaces. ^ 
The particular advantages of the materials 
15 and structures of the heating elements of 
the present invention are illustrated schem- 
atically in Fig. 7, wherein R 1 represents the 
resistance in ohms of the low resistance seg- 
ment 15 of the conductor 11; R 2 represents 
20 the resistance in ohms of the high resistance 
segment 16 of the conductor 11; R 3 and R 4 
represent corresponding segments of the 
conductor 12; and R 5 and R 6 represent cor- 
responding segments of the conductor 13; R 7 
25 represents the resistance in ohms of that por- 
tion of the connecting member 14 lying be- 
tween the conductors 11 and 12; and R 8 
represents the resistance in ohms of that por- 
tion of the connecting member 14 lying be- 
30 tween the conductors 12 and 13, R 1 is 
smaller than R 2 in order to confine the heat 
producing portion of the conductor 11 to 
that portion furthest from the furnace wall. 
Since the conductors 11, 12 and 13 are 
35 manufactured by mass production techniques 
the resistances R 1 , R 3 and R 5 are substan- 
tially equal to one another as are the re- 
sistances R 2 , R 4 and R 6 . In previously pro- 
posed heating elements, the connecting mem- 
40 ber was typically made of the same material 
as the conductors, the resistance of the first 
leg being equal to the sum of the resistances 
R\ R 2 and R 7 , that of the second leg being 
equal to R 3 plus R 4 and that of the third 
45 leg being equal to the sum of R B , R° and R 8 . 
However in the present invention because 
of the lar.se area A and the use of silicon 
carbide of low resistivity, R r and R 8 are 
substantially equal to zero resulting in an 
50 element having substantially equal resistances 
in all legs of the star connection. 

WHAT WE CLAIM IS: — 

1. A heating element for an electric 
furnace, said element being adapted for 
55 three-phase star connection and comprising 
three conductors and a common connecting 
member, each of said conductors being a 
tubular member comprising, at least in part, 
silicon carbide, said tubular members each 
60 having a low resistance segment and a high 
resistance segment, the free ends of said 
high resistance segments being fixed to said 
common connecting member and being 
closed thereby, and said connecting mem- 



ber comprising silicon carbide of lower 65 
resistivity than that of the conductors, 

2. A heating element according to claim 
1 wherein each of said conductors conv 
prises a tubular member of uniform outside 
diameter.. . . • 70 

3. ! A heating element according to claim 
1 or 2, wherein said common connecting 
member has three projections fitting inside 
the ends of said tubular members to attach 
fixedly said connecting member to said con- 75 
ductors. 

4. A heating element according to any 
preceding claim, wherein the total resistance 
in ohms of that portion of the connecting 
member in series circuit with adjacent con- 80 
ductors is less than the resistance in ohms 
of the high resistance segment of each con- 
ductor. 

5. A heating element according to any 
preceding claim, wherein the low resistance 85 
segment is constructed of a carbonaceous 
material impregnated with silicon. 

6. A heating element according to any 
preceding claim, wherein the high resistance 
segment is constructed of silicon carbide. 90 

7. A heating element according to claim 
6, wherein the silicon carbide of the high 
resistance segment has a resistivity of 0.001 
to 10.0 ohm-centimeters. 

8. A heating element according to any 95 
preceding claim, wherein the high resistance 
segment comprises a spiral portion. 

9. A heating element according to any 
one of claims 1 to 8, wherein the connect- 
ing member is constructed of silicon carbide 100 
having a resistivity of 0.001 to 1,0 ohm-centi- 
meters at room temperature. 

10. A heating element according to 
claim 1, wherein each conductor is of elon- 
gated cylindrical form and comprises a first 105 
tube forming the low resistance segment, 
having means at one end to connect it to 
a source of power and connected at the 
other end to a second tube forming the high 
resistance segment, whose outside diameter 110 
is equal to the outside diameter of the first 
tube and whose inside diameter is greater 
than the inside diameter of the first tube and 
wherein the connecting member has a base 
member whose area transverse to flow of 115 
current is greater than the area transverse 
to flow of current in the second tube and 
three cylindrical projections, the outside 
diameter of each being substantially equal 
to the inside diameter of the second tube, 120 
the axes of the cylindrical projections be- 
ing substantially parallel to one another and 
substantially perpendicular to the upper sur- 
face of the base member and the length of 
the base member being no greater than the 125 
outside extreme distance between the first 
and third conductors, whereby the three 
cylindrical projections of the connecting 
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member fixedly hold the conductors 
stantially parallel to one another. 

11, A heating element according to claim 
1, wherein each conductor is of elongated 
5 cylindrical form and comprises a first seg- 
ment, forming the low resistance segment, 
having means at one end to connect it to a 
source of power and a second segment, form- 
ing the high resistance segment, having spiral 

10 slits therein and wherein the connecting 
member has a base member whose area 
transverse to flow of current is greater than 
the area transverse to flow of current in the 
conductors and three cylindrical projections, 

15 the outside diameter of each being equal 
to the inside diameter of the conductors, the 
axes of the cylindrical projections being sub- 
stantially parallel to one another and sub- 



stantially perpendicular to the upper sur- 
face of the base member and the length 
of the base member being no greater than the 
outside extreme distance between the first 
and third conductors, whereby the three 
cylindrical projections of the connecting 
member fixedly hold the conductors sub- 
stantiallv parallel to one another. 

12. A heating element for an electric 
furnace, substantially as hereinbefore des- 
cribed with reference to Figs. 1, 3, 4, 5 and 
7, or Figs. 2 and 6 of the accompanying 
drawing. 

MARKS & CLERK, 
Chartered Patent Agents, 
Agents for the Applicants. 
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(71) We, POWER DEVELOPMENT 
LTD., a British Company, of Cadmore Lane, 
Cheshunt, Hertfordshire, do hereby declare 
the invention, for which we pray that a patent 

5 may be granted to us, and the method by 
which it is to be performed, to be par- 
ticularly described in and by the following 
statement: — 
This invention relates to a heating element 

10 and more specifically to a heating element 
which- converts electrical power into heat by 
the Joule effect. 

The present invention provides an elong- 
ate heating element comprising at least one 

15 elongate electrical conductor member extend- 
ing throughout the length of and enclosed 
within a single elongate protective metal tube 
member open at both ends the wall of which 
is solid the conductor member or members 

20 being spaced from the inner surface of tike 
metal tube member and the tube member 
being completely filled with electrically resis- 
tive silicon carbide or carbonaceous material, 
the arrangement being such as to permit sub- 

25 stantial flow of electric current through said 
material to dissipate substantial quantities of 
electrical power therein as heat when an elec- 
tric potential is applied between said mem- 
bers. 

30 The single metal tube fufills a protective 
function in that it protects the electrically re- 
sistive material against damage. It also pro- 
vides the heating element with mechanical 
robustness, 

' 35 It is readily possible for the heating element 
to be so arranged and operated that the elec- 
trical power converted into heat per unit 
length of the heating element is of useful 
proportions and for the heating element to 

40 thereby reach and maintain a temperature 
well in excess of its surrounds. The precise 
power dissipation per unit length depends 
upon the applied voltage and upon the speci- 
fic resistance of the electrically resistive 

45 material which completely fills the protec- 
tive metal tube or sheath. The power dissipa- 
tion also depends upon the geometry and spac- 
ing of the- metal tube and conductor across 
which the electric potential is applied, for 



example, where the conductor is central of 50 
the metal tube or sheath, the power dissipa- 
tion depends upon the radius of the heating 
element Potential alternatively may be applied 
between a pair of conductors enclosed within 
the metal sheath to provide a heating effect, 55 
the power dissipation depending upon the 
spacing of the conductors in that pair and 
also upon the radius of the heating element, 

Generally the specific resistance of the 
electrically resistive material which completely 60 
fills the metal sheath should be within the 
range of lxlO 3 — 1X10 7 ohm centimetres, 
and is preferably within the range 1 x 10 4 — 
1 X 10 7 ohm. centimetres, at the rated operat- 
ing voltage, which will be from 110 to 440 65 
volts r.m.s, or 110 to 660 volts d.c. The 
material must be able to withstand the tem- 
peratures to which it is heated in use. The 
following materials are suitable, namely, un- 
bonded silicon carbide or carbon resistor 70 
material (that is to, say, such material in 
loose powder or particle form), or ceramic-, 
resin-, phosphate-, or like-bonded silicon car- 
bide or carbon resistor material. 

Heating elements in accordance with the 75 
invention may be used in numerous applica- 
cations. One simple example is a towel rail, 
using a heating element of relatively small 
diameter and running, typically, at a tempera- 
ture 30 °C in excess of room temperature. A 80 
similar element may be used for~under-floor 
heating, as a wall heater or as a small port- 
able heater. An element of larger diameter 
may be employed in a storage heater. The 
heating element may also be used in outdoor 85 
applications, for example in heating roads or 
aircraft runways to keep these clear of ice or 
snow. In such applications, the heating ele- 
ment would run at 80— 400° C. 

The heating element is without any layer 90 
of material disposed around the metal sheath 
such as seriously to inhibit the dissipation of 
heat from the heating element. This condi- 
tion can still be fulfilled even where, for cer- 
tain domestic uses, an electrically insulating 95 
lay<tf might be applied to electrically insulate 
the metal sheath. 

An- embodiment of the invention will now 
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be described by way of example only with 
reference* to the accompanying drawing, which 
is a perspective view of a heating element 
showing an end portion only of the heating 

5 element. , 

Referring to the drawing, a heating element 
comprises a single elongate protective open- 
ended metal tube member or sheath 10 which 
is cylindrical in form with a solid wall, and 

10 . an. elongate metal conductor member 12 ex- 
tending along the axis thereof and from end 
to end of the metal sheath. The metal sheath 
is completely filled with material, indicated 
at 14, which is electrically resistive and also 

15 resistant to heat. As mentioned previously, 
material 14 may be unbonded silicon carbide 
or carbon resistor material, or ceramic-, resin-, 
phosphate- or the like-bonded silicon car- 
bide or carbon resistor mateiral For example, 

20 a ceramic bonded silicon carbide resistor 
material is made by mixing clay, graphite and 
silicon carbide and then pressing the mix- 
ture. A ceramic bonded carbon resistor 
material is made by blending high quality alu- 

25 rnina and clays and then adding carbon in a 
subsequent operation, but the final mixture 
must be fired. 

The metal sheath 10 and conductor 12 may 
be of any convenient metal, such as copper. 

30 However, where the electrically resistive 
material is ceramic bonded carbon resistor 
material, since it is necessary to fire this 
material once the metal sheath has been 
filled with it, the conductor and metal sheath 

35 cannot be of copper but must instead be of 
metals more able to withstand high tempera- 
tures, such as stainless steel for the metal 
sheath and rimming steel for the conductor. 
In use of the heating element, an electric 

40 potential is applied between the conductor 12 
and metal sheath 10, a live connection from 
an electricity supply being made to conductor 
12 and the metal sheath 10 being connected 
to neutral or earth.- The electrically resistive 

45 material 14 permits substantial flow of cur- 
rent between the conductor and sheath and 
substantial dissipation of electircal power 
occurs within this material along the full length 
of the heating element. 

50 By appropriate choice of the parameters of 
the heating element just described, this ele- 
ment may be used in any one or more of 
numerous applications. Claculations show that 
if a 2 inch (5.08 cm) diameter element is 

55 required to run at a temperature of 30°C 
above room temperature, then it should dissi- 
pate approximately 0.046 watts of electrical 
power per square centimeter of external sur- 
face area, in which case the specific resistance 

60 of the material 14 should be approximately 
5X10 5 ohm. centimetre for a 240 volts a.c. 
supply. Such a heating element would be 
suitable for use as a towel rail. 
If a temperature rise of 100°C were re- 

65 quired from a 2 inch diameter heating ele- 



ment, calculations show that approximately 
0.15 watts should be dissipated per square 
centimetre of external surface area and the 
specific resistance of the electrically resistive 
material should be approximately 1.5 x10 s 70 
ohm. centimetre for a 240 volts a.c. supply. 
Such an element would be suitable for out- 
door uses, for example in a road or aircraft 
runway. 

Although the conductor 12 is shown as a 75 
solid wire, it may be of any one of a num- 
ber of alternative forms, such as a stranded 
wire or a cylindrical tube, 

Instead of the single conductor 12, the 
metal sheath 10 may enclose a plurality of 80 
conductors spaced apart from each other and 
from the inner surfaces of the sheath. For ex- 
ample, two conductors may be provided, and 
in use of the heating element one conductor 
may be connected to the live wire of an a.c. 85 
supply and the other to neutral, with the 
metal sheath connected to earth. As another 
example, three conductors may be provided, 
and in use of the heating element each con- 
ductor may be connected to one of the three 90 
phases of an a.c. supply with the metal sheath 
connected to neutral or earth. As a further 
example, four conductors may be provided, 
and in use of the heating element three of the 
conductors may be connected to respective 95 
phases of a three phase supply and the fourth 
connected to neutral, whilst the metal sheath 
is earthed^ 

Where the heating element is intended for 
certain domestic uses such as a towel rail, a 100 
layer of electrically insulating material may 
be disposed around the metal sheath but will 
be selected so as not seriously to inhibit the 
dissipation of heat from the heating element. 
Alternatively, a plurality of stand-off ring 105 
insulators may be disposed around the metal 
sheath at intervals therealong. 

The heating element may be manufactured 
as follows where the metal sheath and conduc- 
tor metals are ductile. The number of metal 110 
conductors are positioned within a metal tube, 
the tube and conductors all being of diameters 
much larger than the corresponding diameters 
required in the final heating element The 
electrically resistive material is then rammed 115 
into tube under pressure and finally the whole 
assembly is drawn or rolled down to the re- 
quired diameter. This process ensures that 
the electrically resistive material is well 
packed in the resulting heating element, to 120 
achieve maximum heat generation per unit 
length. 

An alternative method of manufacture is 
to extrude the electrically resistive material 
onto the central conductor or conductors and 125 
then add the metal sheath as a subsequent 
step. 

The heating element, in the smaller dia- 
meters, may be bent quite readily without 
damage thereto, so that it may be curved as 130 a 



1,423,136 



3 



desired for any particular installation or heat- 
ing appliance. For elements of larger dia- 
meters or for tight bends, preferably and con- 
veniently the bending may be performed as 

5 part of the manufacturing process. It may be 
noted that should any local void result in 
the electrically resistive material from bend- 
ing, this cannot in any way lead to electrical 
breakdown of the element. 

10 The heating element is very robust 
mechanically, which is an advantage over con- 
ventional heating elements using wire con- 
ductors; such wire conductors are necessarily 
thin to provide sufficient resistance and as a 

15 result tend to be fragile. Also, there is an 
added advantage where the electrically resis- 
tive material comprises silicon carbide, which 
is that this material is particularly well able 
to withstand any voltage surges. 

20 WHAT WE CLAIM IS : — 

1. An elongate heating element comprising 
at least one elongate electrical conductor 
member extending throughout the length of 
and enclosed within a single elongate pro- 

25 tective metal tube member open at both ends 
the wall of which is solid, the conductor 
member or members being spaced from the 
inner surface of the metal tube member, and 
the tube member being completely filled with 

30 electrically resistive silicon carbide or car- 
bonaceous resistor material, the arrangement 
being such as to permit substantial flow of 
electric current through said material to dissi- 
pate substantial quantities of electric power 

35 therein as heat when an electric potential is 
applied between said members. 



2. A heating element as claimed in claim 

1, wherein the specific resistance of said 
material is within the range of lXlO 3 to 
1X10 7 ohm centimetres at the rated operat- 40 
ing voltage. 

3. A heating element as claimed in claim 

2, wherein the specific resistance of said 
material is within the range 1 X 10 4 to IX 10 r 
ohm centimeteres at the rated operating volt- 45 
age. 

4.. A heating element as claimed in any 
one of the preceding claims, wherein said 
metal tube member encloses three or more 
conductor members spaced apart from each 50 
other and from the inner surface of the tube 
member. 

5. A heating element as claimed in any 
one of the preceding claims, further compris- 
ing a plurality of ring insulators disposed 55 
around the metal tube member at intervals 
therealong. 

6. A heating element as claimed in any one 
of claims 1 to 4, further comprising a layer 

of electrically insulating material disposed 60 
around the metal tube member. 

7. An elongate heating element substan- 
tially as herein described with reference to 
and as shown in the accompanying drawing. 

8. A towel rail comprising an elongate 65 
heating element as claimed in any one of 

the preceding claims. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303/306 High Holborn, 
London, W.C.I. 



Printed for Her Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1976. 
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1 AY, from 
which copies may be obtained. 



1423136 COMPLETE SPECIFICATION 

1 SHEET drawing is a reproduction of 

U, * L * the Original on a reduced scale 




ON 
iH 



PATENT SPECIFICATION <"> 1459 252 

(21) Application No. 9033/74 (22) Filed 28 Feb. 1974 (19) 
(31) Convention Application No. 2 310 148(32) Filed 1 March 1973 in 
(33) Germany (DT) 

(44) Complete Specification published 22 Dec. 1976 

(51) INT. CL. 2 H05B 3/14 H01C 17/00 7/00 

(52) Index at acceptance 

H5H 105 122 123 126 130 133 141 142 224 231 232 2331 
251 260 AF 1 
HIS 3X 5 6A4 6B3 6B5 6BX 6C7 6CX 
(72) Inventor NIELS LERVAD ANDERSEN 

(54) AN ELECTRICAL RESISTOR BODY AND A METHOD OF PRODUCING IT 




(71) We, Danfoss A/S, a Danish 
Company, of DK-6430 Nordborg, Denmark, 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
5 and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement;— 

The invention relates to an electrical mem- 
ber resistor body and to a method of pro- 

10 ducing such a body. 

The present invention provides a process 
of producing an electrical resistor body hav- 
ing two electrical contact-receiving portions 
composed of silicon carbide and free sili- 

15 con, and an intermediate portion disposed 
between the contact-receiving portions and 
composed substantially only of silicon car- 
bide, the process comprising subjecting a 
portion of a member composed throughout 

20 of silicon carbide and free silicon to an etch- 
ing treatment to remove the free silicon 
therefrom. 

Using the method according to the in^ 
vention the resistor body can be made in 

25 one part. The etching results in a well- 
defined intermediate portion and therefore 
a well-defined incandescent or heating por- 
tion. The contact-receiving portions which 
are not to be etched can be masked by 

30 means of a protective coating, for example 
paraffin wax. 

Etching is preferably effected by a mix- 
ture of nitric acid and hydrofluoric acid. 
The nitric acid so transforms the free sili- 

35 con that it can then be dissolved by the 
hydrofluoric acid. 

Furthermore, it is of advantage if the said 
portion of the member (which forms the 
intermediate portion of the body) is of 

40 smaller thickness than two portions which 
form the contact-receiving portions of the 
body. Etching can therefore be carried out 
on two opposite relatively-large surfaces. 
Since the etching rate is approximately 1 mm 

45 in eight hours, then in the case of a 2 mm- 
thiok intermediate portion the free silicon 
is removed after eight hours. 
It is of advantage if the process further 



comprises preparing the member by intro- 
ducing liquid silicon into a heated porous 50 
blank containing silicon carbide and car- 
bon; the silicon migrating upwardly into 
the blank by capillary action. With this 
procedure, a higher concentration of free 
silicon, either as a result of the use of liquid 55 
Si that becomes finely atomized, or as a 
consequence of the rate of upward migra- 
tion of liquid Si through the pores, is im- 
parted to those portions of the blank 
through which the silicon enters. 60 

Preferably, the liquid silicon enters the 
porous blank through portions which con- 
stitute the contact-receiving portions of the 
resistor body. Consequently, a greater quan- 
tity of free silicon is obtained in advance 65 
in the contact-receiving portions than in 
the intermediate portion, so that a corres- 
pondingly smaller quantity of Si has to be 
removed from the intermediate portion. 
% In this connection, if the porous blank 70 
is shaped in the form of a U, the limbs of 
the U are arranged to point downwards 
When the liquid solution is introduced. If, 
on the other hand, the porous blank is tubu- 
lar and has longitudinal slots extending 75 
from one end which communicate with other 
slots formed in the blank, the said one end 
of the porous blank is arranged to point 
downwards when the liquid silicon is intro- 
duced, go 

Advantageously the porous blank is treated 
with silicon oxide (SiO), at least in those 
portions which form the contact-receiving 
portions, prior to, or during, the preparation 
of the member from the porous blank. This 85 
leads to greater porosity at the surface of 
the contact-receiving portions so that a larger 
quantity of free silicon, for example 40 to 
50% by volume, can collect there; this is 
desirable as regards the provision of the 90 
contacts. 

The present invention further provides an 
electrical resistor body made from a member 
composed throughout of silicon carbide and 
free silicon, the body having two electrical 95 
contact-receiving portions composed of sili- 



con carbide and free silicon and an inter- 
mediate portion disposed between the con- 
tact-receiving portions and composed sub- 
stantially only of silicon carbide, wherein 
5 the intermediate portion has been formed 
by subjecting a portion of the member to 
an etching process to remove the free sili- 
con therefrom, 

m T he P resence of Si greatly facilitates at- 

10 tachment of the contacts. In particular a 
larger number of contact materials can be 
attached at a lower temperature than in the 
past. Furthermore, the portions including 
free Si greatly reduce the specific resist- 

15 ance, particularly as pure silicon has a high 
NTC coefficient above 200°C. Consequently, 
the contact-receiving portions are less 
severely heated than the intermediate por- 
tion when current passes through the body. 

20 As a result of the lower thermal loading, 
the service life of each electrical contact may 
be longer. 

Particular advantage is achieved if there 
* s applied to the contact-receiving portions 

25 a metal which, with the free Si, forms a 
eutectic alloy which is essentially linearly 
resistive. Such metals are known in semi- 
conductor practice. Aluminium for example 
forms a eutectoid with silicon at approxi- 

30 mately 570°C, silver at approximately 
830° C, and gold containing antimony at 
370°C. The electrical contacts can there- 
fore be applied at a relatively low tempera- 
ture. Conversely, the low specific resistance 

35 resulting from the presence of free Si ensures 
that the contacts are not heated (thermally 
loaded) above the melting temperature of the 
eutectoid. 

It is also advantageous if a part of each 
40 contact-receiving portion adjacent the inter- 
mediate portion is not covered by electrical 
contact metal. In this way the contact is 
kept at a still greater distance from the in- 
termediate portion which provides an incan- 
45 descent zone, and is thus subjected to a cor- 
respondingly low heating effect (thermal 
load). 

It has been found desirable for the con- 
tact-receiving portions to contain 2 to 20% 

50 by volume of free Si. These are average 
values measured over the entire cross-sec- 
tion; a higher proportion of Si is permissible 
in the edge zones. 
Particular advantage accrues if the con- 

55 tact-receiving portions consist of reaction- 
sintered SiC, since free Si can be intro- 
duced into such bodies in the required 
amount within the framework of a normal 
production method. 

60 It is particularly preferred for the inter- 
mediate portion to have a smaller cross- 
section than the contact-receiving portions. 
With appropriate cross-sectional dimensions 
the resistance in the intermediate portion 

65 can be adjusted to any required value with- 



in a wide range. The cross-sectional reduc- 
tion can be present in the said member, 
or achieved by grinding after sintering. 

The invention will now be described in 
greater detail by reference to the embodi- 70 
ments illustrated in the drawing, in which: 

Figure 1 is a diagrammatic illustration of 
the steps in the method for producing a 
resistor body in accordance with the inven- 
tion; 75 

Figure 2 shows another form of resistor 
body; 

Figure 3 shows a third form of resistor 
body; and 

Figure 4 is a side view of the resistor 80 
body shown in Figure 2, during the reaction 
sintering process. 

In the method of production illustrated in 
Figure 1, the starting material is a blank 
1 made of reaction-sintered SiC. The Si 85 
contained therein is indicated by dots (Fig- 
ure la). The median or inter-contact por- 
tion 2 of this blank is ground down to a 
smaller thickness than the two contact or 
terminal portions 3 and 4 (Figure lb). With 90 
the two terminal portions 3 and 4 masked, 
the median portion 2 is then etched with a 
mixture of nitric acid and hydrofluoric acid 
until practically no free Si is present in 
said median portion. There is thus obtained 95 
a body 5 which consists of a median por- 
tion 2, containing substantially only SiC, 
and two terminal portions 3 and 4, contain- 
ing free Si in addition to SiC (Figure Ic). 
Finally electrical contact metal for forming 100 
the electrical contacts or terminals 6 and 7 
is applied to the two terminal portions 3 
and 4 in such a way that part of each ter- 
minal portion remains uncovered by contact 
metal between each contact and the median 105 
portion (Figure Id), 

m Suitable contact metals include alumin- 
ium, silver and gold with antimony. At 
relatively low temperatures such metals 
form with silicon a eutectoid that is resis- 110 
tively conducting. In this way there is ob- 
tained a mechanically and electrically stable 
resistive contact between the contact metal 
and the Si and SiC, by way of the eutec- 
toid. The metals can be applied by flame- 115 
spraying, cathodic evaporation, vapour-de- 
position or any other method. During or 
after application of the contact metal, the 
latter can be stoved at a temperature above 
the melting temperature of the eutectoid. 120 
When the median portion 2 of the body 5 
glows, the terminal portions 3 and 4 are 
only slightly heated because of the presence 
of free Si. Consequently there is no danger 
of the melting temperature of the eutectoid 125 
bemg reached at the contacts 6 and 7 during 
operation. 

In the embodiment shown in Figure 2, 
use is made of a body 8 bent to the form 
of an inverted U; in this figure the median 130 
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portion, the terminal portions and the con- 
tacts are designated by the same reference 
numerals as in Figure 1. 
The same applies as regards the tubular 

5 resistor body illustrated in Figure 3, in 
which the terminal portions 3 and 4 are 
separated by longitudinal slots 10 and 11. 
Connecting with the longitudinal slots are 
helical slots 12 and 13, so that the median 

iu portion 2 consists of two spirals 14 which 
are intertwined which are interconnected 
only at the upper end. Both of the resistor 
bodies 8 and 9 can be so produced by re- 
action sintering that the terminal portions 

!•> 3 and 4 are disposed in the lower part. This 
results in there being a larger proportion 
of free Si m the terminal portions as will 
now be described in connection with Figure 

™ 2 m a blank 15 having the shape of 

w the body 8 is shown diagrammatically in 
side view. 

The blank 15 rests on a surface 16 in 
a crucible 18 closed by a lid 17. This cru- 
able is raised to a temperature above the 

^ melting temperature of the Si contained in 
a channel 19. When the internal pressure 
p corresponds to the atmospheric pressure 
ianAo^ per ± re \ is ^proximately 1600 to 

™ u ' When the chan rt>er ^ evacuated, 

m the temperature may be reduced to 1500°C 
for example. The blank 15 consists of a 
mixture of or-SiC granules and colloidal gra- 
phite. As a result of capillary action, liquid 
Si moves along the path 20 from the lower 

^ end upwards into the blank 15. Penetration 
proceeds gradually in the upward direction 
and towards the middle, so that a gradually 
upwardly advancing reaction front 21 is 
created. When the reaction is complete, a 

4U somewhat greater proportion of free Si is 
present in the lower part of the blank 15 
due on the one hand to the liquid Si atom- 
izing from the channel 19 and on the other 

a< ^ th f. r , ate of u P ward migration of the Si. 

40 The higher proportion of Si in the terminal 
portions 3 and 4 facilitates the attachment 
of tlie contacts 6 and 7. The lower propor- 
tion of Si m the upper median part facilitates 
etching. 

50 Furthermore, a certain quantity of SiO a 
can be added to the liquid Si. This results 
m the formation of a certain quantity of SiO 
vapour within the crucible. This vapour 

« f/°l s ^ lth , th , e C on the surfa <* of the blank 
15, half of the C being discharged as CO 
gas and the other half being converted into 
SiC. The removal of part of the C leads to 
larger pores at the surface, so that the liquid 
Si rises mainly at the edge of the blank 15, 

60 and upon completion of the reaction, the 
outer zone of the blank 15 has a higher 
content of free Si than the middle zone, for 
example 30% by volume at the edge and 
8% m the middle. 

65 In this way there is obtained a SiC resis- 



tor body having mechanicallly and electric- 
ally stable resistive contacts. It has low- 
resistance paths leading to the incandescent 
zoneand therefore cool contact points. The 
position of the incandescent zone is well 70 
defined. The length of this zone and there- 
fore of the incandescent resistor can be ad- 
justed by means of the etching process. The 
operating temperature at the contacts is 
below the incandescent temperature, but 75 
may be nearly as high as the eutectic tem- 
perature of the metal-silicon alloy. 

In accordance with another procedure, the 
blank that is to be sintered, may be of 
the shape shown in Figure lb so that the 80 
grinding operation can be omitted or short- 
ened. 

WHAT WE CLAIM IS:- 

1. An electrical resistor body made from 85 
a member composed throughout of silicon 
carbide and free silicon, the body having 
two electrical contact-receiving portions com- 
posed of silicon carbide and free silicon and 
an intermediate portion disposed between 90 
the contact-receiving portions and composed 
substantially only of silicon carbide, wherein 
the intermediate portion has been formed 
by subjecting a portion of the member to 
an etching process to remove the free sili- 95 
con therefrom. 

( 2. An electrical resistor body as claimed 
m claim 1, having applied to the contact- 
receiving portions as electrical contact metal 
which with the free Si forms a eutectic alloy 100 
which is essentially linearly resistive. 
# 3. An electrical resistor body as claimed 
m claim 2, wherein the said contact metal 
is applied to part only of each contact- 
receiving portion such that the metal carry- 105 
mg part of each terminal portion is spaced 
from the intermediate portion by a part of 
the said contact-receiving portion that car- 
ries no contact metal. 

§ 4. An electrical resistor body as claimed 110 
m claim 2 or claim 3, wherein the average 
percentage content of free Si in each con- 
tact-receiving portion is in the range 2 to 
20 per cent by volume. 

t 5. An electrical resistor body as claimed 115 
in any preceding claim, wherein each con- 
tact-receiving portion comprises reaction sin- 
tered silicon-silicon carbide. 
, 6. An electrical resistor body as claimed 
in any preceding claim, wherein the trans- 120 
verse cross section of each contact-receiving 
portion is greater than that of the inter- 
mediate portion. 

t 7, An electrical resistor body as claimed 
in claim 6, wherein the thickness of each 125 
contact-receiving portion is less than that 
of the intermediate portion. 
t 8. An electrical resistor body as claimed 
in any preceding claim wherein the resistor 
body is shaped in the form of the letter 130 
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*U\ and the free end portions of the respec- 
tive limbs of the U-shaped body constitute 
the contact-receiving portions. 

9. An electrical resistor body as claimed 
5 in any one of claims 1 to 7, wherein the 

resistor body is constituted by a tubular 
member in which longitudinal slots extending 
from one end thereof communicate with 
helical slots which extend axially between 
10 the longitudinal slots and the other end 
of the tubular member, 

10. An electrical resistor body substan- 
tially as hereinbefore described with refer- 
ence to, and as illustrated by, Fig, 1 of the 

15 accompanying drawings. 

11. An electrical resistor body substan- 
tially as hereinbefore described with refer- 
ence to, and as illustrated by, Fig. 2 of the 
accompanying drawings. 

20 12. An electrical resistor body substanti- 
nlly as hereinbefore described with refer- 
ence to, and as illustrated by, Fig. 3 of the 
accompanying drawings. 
13. A process of producing an electrical 

25 resistor body having two electrical contact- 
receiving portions composed of silicon car- 
bide and free silicon, and an intermediate 
portion disposed between the contact-re- 
ceiving portions and composed substantially 

30 only of silicon carbide, the process compris- 
ing subjecting a portion of a member com- 
posed throughout of silicon carbide and free 
silicon to an etching treatment to remove 
the free silicon therefrom. 

35 14. A process as claimed in claim 13, 
in which the etching treatment is effected by 
a mixture of nitric acid and hydrofluoric 
acid. 

15. A process as claimed in claim 13 or 
40 claim 14, and which comprises preparing 
the member by introducing liquid silicon into 
a heated porous blank containing silicon 



carbide and carbon; the silicon migrating 
upwardly into the blank by capillary action, 

16. ^ A process as claimed in claim 15, 45 
in which the liquid silicon enters the porous 
blank through portions which constitute 

the contact-receiving portions of the resistor 
body. 

17. A process as claimed in claim 15 or 50 
claim 16, in which the porous blank is 
shaped in the form of the letter the 
limbs of the U being arranged to point 
downwards when the liquid silicon is intro- 
duced. 55 

18. A process as claimed in claim 15 or 
claim 16, in which the porous blank is tubu- 
lar and has longitudinal slots extending 
from one end thereof and communicating 
with other slots formed in the blank, the 60 
said one end of the porous blank being 
arranged to point downwards when the liquid 
silicon is introduced. 

19. A process as claimed in any one of 
claims 13 to 16, in which the said portion of 65 
the member is smaller in thickness than 
two portions which form the contact-receiv- 
ing portions of the body. 

20. A process as claimed in any one 

of claims 13 to 19, in which the porous 70 
blank is treated, at least in those portions 
which form the contact-receiving portions, 
with silicon oxide (SiO) prior to, or during, 
the preparation of the member from the 
porous blank. 75 

21. A process for forming an electrical 
resistor body substantially as hereinbefore 
described with reference to, and as illus- 
trated by, the accompanying drawings. 

ABEL & IMRAY, 
Chartered Patent Agents, 
Northumberland House, 
303—306 High Holborn, 
London, WC1V 7LH. 
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(54) ELECTRICAL 

(71) We, THE CARBORUNDUM 
COMPANY, a corporation organized and 
existing under the laws of the State of Dela- 
ware, United States of America, of 1625 Buf- 
5 falo Avenue, Niagara Falls, New York, United 
States of America, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which it 
it to be performed, to be particularly described 
10 in and by the following statement: — 

This invention relates to igniter elements, 
and more particularly to igniter elements suit- 
able for use at high temperature duty which 
requires rapid heating, and/or low power 
15 consumption, such as is required for igniters 
for gaseous fuels. 

An igniter element which has suitable elec- 
trical resistivity and high stability at high 
temperatures and in corrosive environments 
20 has many potential electrical and thermal 
applications. An application of particular in- 
terest for such a material is as an igniter for 
combustible gases. An important behavioural 
property for such an application is the re- 
25 lationship between electrical resistivity and 
temperature, referred to as the temperature- 
resistance characteristic. Particularly desirable 
for preventing electrical short circuits (caused 
by failure of the element) is a temperature- 
30 resistance characteristic which is fiat or rising 
at higher temperatures. 

The need for a low power consumption 
electrical ignition means to replace pilot lights 
in gas ranges and ovens has become imperative 
35 in view of safety factors and limited fuel avail- 
ability. It has been found that constantly burn- 
ing pilot lights can account for a considerable 
amount of energy consumed by a gas stove. 
Pilot lights also produce considerable amounts 
40 of nitrogen oxides, a chief component of smog. 
In the closed environment of the home, emis- 
sions from these everburning flames can pos- 
sibly exceed the established safe nitrogen oxide 
limits. 

45 In the ^ held of fuel burning or combustion 
systems, it has been previously known to em- 
ploy reflred silicon carbide igniters because of 



IGNITER ELEMENTS 

their ability to withstand exceedingly high 
operating temperatures without disintegration 
or material deterioration. Furthermore, they 50 
are non-corrosive and substantially inert to 
the destructive effects of fuel combustion pro- 
ducts, However, such silicon carbide igniters 
have been prepared from self-bonded silicon 
carbide, such as the spiral igniter thermistor 55 
assembly set forth by U.K. Patent 1,144,54a 
and the igniter set forth by U.K. Patent 
1,104,054. Such igniters have been less than 
Mly satisfactory for all conditions of opera- 
tion, however, due to fragility, high cost, vol- 60 
tage requirements, and power consumption. 

The purpose of the present invention is to 
overcome the disadvantages of the prior art by 
providing an igniter element which is more 
dependable, readily reproducible, physically 65 
strong, capable of achieving high temperatures 
rapidly and repeatedly, and which may operate 
at lower power consumption and lower vol- 
tages than prior art devices. 

It is thus an object of this invention to 70 
provide igniter elements, capable of achieving 
gas ignition temperatures, which operate at 
relatively low power consumption, and are 
suitable for a variety of voltages, such as from 
6 to 220 volts. 75 

According to the present invention there is 
provided a method of producing an igniter ele- 
ment comprising the steps of: 

a) forming a shaped body consisting essen- 
tially of flexible discontinuous laminar 80 
graphite] 

b) covering the body with at least 4 times 
the weight of said laminar graphite of a sili- 
conising mix comprising 65 to 91% by weight 

of silicon in the form of elemental silicon or 85 
a compound capable of yielding elementa] 
silicon on heating, 4 to 25% of graphitic car- 
bon and 1 to 15% of a carbonaceous binder; 

c) heating the body and mix at a tem- 
perature of at least 1450°C and, if the mix 90 
contains a silicon yielding compound, at least 

to the temperature at which said compound 
yields silicon, said heating being conducted 
for a sufficient time to convert substantially all 
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, of the graphite of said body to silicon carbide; 
and 

. d) further heating the obtained silicon car- 
bide body to a temperature of higher than that 
5 used in step (c) and in the range of 1800 to 
2500°C. 

Preferably step (c) is conducted at a tem- 
perature of 1450 to 2200 d -C. 
The invention will now be described by 
10 way of example only, with reference to the 
drawings. 

Fig. 1 represents a frontal view of one 
igniter element produced in accordance, with 
tie present invention; 

15 Fig. 2 represents a frontal section of an 
igniter element produced in accordance with 
the present invention; 

Fig. 2a represents a side elevation of the 
element of Fig. 2, and 

20 Fig» 3 represents a graphical representation 
of the temperature-resistance characteristics of 
various igniter elements. 

Silicon caifeide has long been known as a 
high temperature refractory material, and has 

25 also been used for high temperature electrical 
heating elements. In -accordance with the pre- 
sent invention, an igniter element is produced 
by the siliconization of a discontinuous 
laminar graphite structure, Said siliconization 

30 is not meant to encompass merely the forma- 
tion of a silicon carbide surface layer upon 
the substrate, but the total conversion of the 
entire graphite substrate to silicon carbide of 
controlled properties. The igniter element 

35 .thus provided has the advantages of a very 
rapid response, great versatility, and sim- 
plicity of preparation. 

The siliconization of carbon substrates has 
been known in the prior art, e.g. from U.K. 

40 Patent 583,039, In that^ instance, however, 
silicon carf>ide is formed in situ by subjecting 
a carbon body having a continuous skeletal 
structure to the action of elemental silicon at 
at a temperature well above the melting point 

45 of silicon. The silicon carbide formed thus 
retains a skeletal and reticular structure. 

Graphites are known to be made up of layer 
planes of hexagonal arrays or networks of car- 
bon atoms. These layer planes of hexagonally 

50 arranged carbon atoms are substantially flat 
and are oriented or ordered so as to be sub- 
stantially parallel and equidistant of one 
another. Graphites thus may ibe characterized 
as laminated structures of carbon, that is struc- 

55 tures consisting of superposed layers of laminae 
of oaifcon atoms joined together. The present 
invention utilizes, as a starting material, a 
sheet material consisting essentially of 
graphite, which is preferably free of any 

60 binding or bonding material. Such a flexible, 
bind'erless graphite sheet material may be 
produced by compressing or compacting, under 
a predetermined load and in the absence of a 
binder, expanded graphite particles so as to 

65 form a substantially flat, flexible, integrated 



graphite sheet. It is noted that the expanded 
graphite particles utilized maintain the com- 
pression set once compressed. The density and 
thickness of the sheet material may be varied 
by controlling the degree of compression. 70 
Suitably, the density of the sheet material may 
be within the range of from about 40 to about 
100 lbs./cu. ft., and preferably from 10 to 80 
lbs./cu. ft, Such sheet material may be pro- 
vided with a uniform thickness in the range of 75 
from 0.0001 inch (0.1 mil) to about 0.500 
inch (500 mil.). Ribbons of this sheet material 
may readily be cut to give a body of the 
desired size and configuration for use in the 
method of the invention, (The term "rib- 80 
bon", as used herein, shall be understood to 
refer to a flat, narrow strip of sheet material, 
having a thickness of 0.500 inch or less, and 
preferably less than 0.050 inch.) Igniter ele- 
ments may be prepared by the siliconization of 85 
such shaped ribbons in accordance with the 
following disclosure. It has been found, how- 
ever, that a thickness of less than 0.100 inch, 
and preferably less than 0.050 inch, is most 
suitable for siliconization. It is to be noted that 90 
an interrelationship between thickness, density 
and siliconization capability is believed to 
exist, in that case of siliconization decreases 
with increasing thickness and density. Thus, if 
thickness of the ribbon fa increased, the density 95 
may be decreased to compensate. It is further 
noted that an expansion in thickness, amount- 
ing to 60 to 70 percent occurs upon siliconiza- 
tion of such sheet materials. 

The flexible graphite sheet material pro- 100 
duced in the above manner may be modified 
in many ways. For example, in the formation 
thereof, impregnants or additives, such as 
dopants, may be incorporated or mixed with 
the expanded graphite and the composition 105 
compressed to for the desired sheet material, 
Likewise, one or both sides or surfaces of the 
soft flexible graphite sheet material may be 
embossed, quilted or otherwise provided with 
a pattern. The flexible graphite material thus 110 
produced may be formed by wrapping, rolling, 
or otherwise working, to provide solid and 
hollow articles or products of any configura- 
tion desired. Thin sheets, such as from 0.005 
to 0,015 inch may be laminated together to 115 
form a thicker sheet material. However, it has 
been found that delamination frequently 
occurs when laminated sheets of greater than 
0.050 inch are subjected to siliconization. 
b It has been found that graphites having a 120 
high degree of orientation may be treated so 
that the spacing between the superposed car- 
bon layers or laminae can be appreciably 
opened so as to provide a marked expansion 
in the direction perpendicular to the layers, 125 
in accordance with the teachings of U.S. 
Patent 3,404,061 issued October l a 1968. 
Thus, an expanded or intumesced graphite 
structure may be formed, in which the laminar 
character is substantiaEy retained. By expand- 130 
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ing particulate graphite so as to have a final 
thickness which is at least 80 or more times 
the original thickness, a graphite material is 
formed which may be formed, without the 
5 use of a binder or bonding agent, into cohesive 
or integrated sheets, e.g., webs, papers, strips, 
tapes or the like. Additionally, the flexible 
graphite sheet material thus formed can be 
cut or slit into narrow strips which can be 

10 used to form woven or braided graphite fabric 
or doth, or suitably rolled or wound or other- 
wise worked to form solid or hollow structures. 

Upon drying and finishing of such a 
flexible graphite sheet, said material may be 

15 cut to a body of the desired configuration of 
the final igniter element to be produced. It 
is possible, as previously indicated, to produce 
configurations of almost any desired shape or 
dimension. 

20 The graphite starting material is then 
covered with a siliconizing mix. This opera- 
tion may be performed in a graphite crucible 
or mother suitable container. The amount of 
siliconizing mix used is preferably 20 times 
25 the green weight of the body being fashioned, 
with a minimum of 4 times the green weight 
of the body. The siliconizing mix comprises 
a silicon source (either elemental silicon or a 
compound capable of yielding elemental sili- 
30 con), in a concentration such that the mix 
comprises from 65 to 91 percent by weight of 
silicon (in elemental or combined form), 
* from 4 to 25 percent graphitic carbon, and • 

from 1 to 15 percent of a carbonaceous 
35 resinous binder material. It is essential that 
the siliconizing mix contains sufficient sili- 
con to convert all of the carbon present to 
silicon carbide. Suitable sources of silicon in- 
clude silicon metal, silica, and silicon nitride. 
40 It is necessary to have free graphitic carbon 
present in the siliconizing mix in order to 
form a loose silicon carbide skeleton coating 
upon the silicon carbide body formed, to 
thereby inhibit binding of the body to the 
45 siliconizing mix, thus yielding a homogeneous 
body, having a minimum of excess silicon in- 
corporated iherein. The proportions of silicon 
and carbon are so selected as to provide a 
stoichiometric relationship when taking into 
50 account the amount of carbon present in the 
graphite material being siliconized. Dopants 
may be included in the siliconizing mix in 
small proportion, or provided otherwise as 
hereinafter described. 
55 The laminar graphite body and siliconizing 
mix are then heated to a siliconizing tem- 
perature. If conducted in a vacuum, it has 
been found that a temperature of from 
1450°C to 1&50°C, for up to 60 minutes, is 
60 sufficient. When using a tube furnace at 
atmospheric pressure in an inert or doping 
atmosphere, a temperature of from 1800° to 
22O0°C is appropriate. The minimum tem- 
perature necessary in either instance is, if a 
65 silicon yielding compound is used as the source. 



of silicon, a temperature in excess of that at 
which free silicon is produced in the mix. 

The graphite body and siliconizing mix are 
heated for sufficient time to convert essentially 
all carbon present to silicon carbide. There- 70 
upon, the body and mix may be allowed to 
cool to room temperature and the body 
cleaned, i.e. by removal of excess siliconizing 
mix. 

Modifications of the properties of the thus 75 
obtained body may be achieved by the re-' 
firing or reheating step. For example, refired 
units are capable of being heated' to much 
higher temperatures. Refiring may be accom- 
plished bv heating the silicon carbide body to 80 
a temperature in excess of the siliconizing 
temperature previously used. For example, re- 
firing may be accomplished by heating to from 
1800° to 2200°C in vacuum, or from 2000° 
to 2500° C in an inert or doping atmosphere. 85 
It is to be recognized, of course, that the re- 
firing may merely constitute an additional 
heating beyond the original siliconization heat- 
ing, without an intermediary cooling. Thus, 
the heating may comprise a step-wise or 90 
staged elevation to a •siliconizing temperature 
followed by an increase in temperature to a 
refiring temperature. Refiring results in the 
removal of excess silicon from the silicon car- 
bide body, and is also believed to cause grain 95 
growth and phase changes in the silicon car- 
bide. 

As previously indicated, it is possible to 
accomplish doping of the silicon carbide body 
by incorporating dopant during siliconization, 100 
either in the siliconizing mix or in the atmos- 
phere employed. Alternatively, dopants may 
be provided during refiring, such as by refiring 
in a nitrogen atmosphere. After refiring, the 
igniter element thus formed is allowed to 105 
cool to room temperature, and is cleaned to 
remove any excess silicon or other material 
thereupon. The element thus formed may then 
be provided with electrical contacts in any 
suitable manner, such as by coating of any 110 
suitable electrical conducting material, e.g. 
aluminium. Such a coating is deposited on the 
exterior surfaces of the connecting portions of 
the silicon carbide element adjacent the end 
portions thereof, in order to provide electrical 115 
terminals. The metal chosen should have such 
characteristics, in addition to electrical con- 
ductivity, so as to be compatible with the sili- 
con carbide material. The coating may be 
sprayed^ on to the igniter element, or it may 120 
be applied in any other conventional manner, 
Suitable materials include the deposition of 
carbonyl nickel, tungsten, aluminum, gold, 
silver, etc, Suitable techniques include sput- 
tering, molten bath coating, deposition from 125 
the slurry, painting, and vapor deposition. A 
preferred contact material is tungsten which 
may be advantageously deposited by sputter- 
ing. 

Doping of the silicon carbide coating is re- 130 
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quired to achieve specific resistivities as 
desired. The dopant utilized may be either of 
the n-type or p-type, The effects of refiring 
and doping are illustrated in Fig. 3, which 
5 graphically demonstrates the relationship be- 
tween exemplary resistance and temperature 
fox different silicon carbide elements. Thus, 
it may be seen that a positive temperature- 
resistance relationship may be achieved by 

10 the use of the proper dopant and/or process- 
ing conditions. It is to be noted that essen- 
tially pure silicon carbide elements have resis- 
tances of about 10° ohm-cm or higher, Thus 
the presence of a dopant such as phosphorus, 

15 nitrogen, boron, or aluminum, is desirable to 
lower the resistance of the body to a useful 
level. Other suitable dopants may, of course, 
be used. 

For the dopant, suitable compounds may be 

20 employed during refiring or suitable dopants 
may be provided either in the siliconizing 
cover mix or the siliconization atmosphere. 
For example, nitrogen may be provided as a 
gas or as the decomposition product of aceto- 

25 nitrile. Solid sources include elemental or 
compound forms of aluminum, boron, and 
phosphorus. Such substances may be incor- 
porated in the silicon carbide in a concentra- 
tion of from 10 percent to IQr* percent by 

30* weight.. 

Mixtures of dopants may be used to achieve 
specific goals. For example, a mixed dopant 
comprising boron and nitrogen may be utilized 
to achieve a temperature-resistivity which is 

35 negative at temperatures below about 1000° C 
ami positive above that point. Localized dop- 
ing may also be utilized to achieve preferen- 
tial areas of law resistivity. 
A typical igniter element may be made as 

40 demonstrated in the drawings, Figs, 1 and 2, 
which are illustrative of configurations which 
are considered suitable for elements, such as 
prepared in accordance with the present inven- 
tion. In Fig. 1, the body, 1, has a relatively 

45 narrow high temperature zone 2, and broader 
base or contact area 3 formed by the legs 
thereof. The* thickness of such a body may 
suitably be on the order of about 0.010 inch. 
This particular configuration demonstrates a 

50 suitable combination of surface areas such as 
tx> keep the legs of the body relatively cool 
while maintaining sufficient resistance to limit 
amperage to the hot zone 2. Figs. 2 and 2a 
represent an alternative form of igniter ele- 

55 ment wherein the silicon carbide foil element 
1, is in a configuration which may be re- 
ferred to as a hairpin configuration, with the 
legs 3 supported by electrical contact media 
4, prepared from an electrically conductive 

60 base material such as graphite or silicon car- 
bide. An appropriate potting cement may be 
used to attach the silicon carbide foil to the 
base. The hot zone of the element of Figs. 2 
and 2a is in the restricted or constricted zone 

65 designated as 2. It is desirable to limit the hot 



zone or tip area in order to require a mini- 
mum amount of power. This may be accom- 
plished by .reducing the surface area of silicon 
carbide in the hot zone or tipped area relative 
to the cool zone or leg. With proper design, an 70. 
igniter element will have the desired low 
power consumption, the desired temperature at 
the hot zone, and relatively cool contact points. 
The constricted or narrowed portion of the 
elements demonstrated functions as the tip or 75 
hot zone, since such zones must carry the same 
electrical load as the leg or cool portion of 
the element. 

Fig. 3 graphically represents die tempera- 
ture resistance relationship of two silicon car- 80 
bide elements. Curve 1 represents a doped 
element subjected only to siliconization, while 
curve 2 represents an element subjected to 
both siliconization and refiring, in a nitrogen 
atmosphere, at 2400°C. The differing electrical 85 
characteristics obtainable are believed to be 
clearly demonstrated by this figure. 

The invention may be further illustrated by 
the following examples. 

Example 1, 90 
A sheet of essentially pure flexible binder- 
less graphite such as described hereinabove, 
commercially available from the Union Car- 
bide Company under the trade name 
GRAFOIL (Registered Trade Mark), was 95 
cut to the desired configuration prior to sili- 
conization. The piece was shaped as illustrated 
in Fig. 2, having a restricted or narrow central 
portion. The dimensions of the piece were 
£ inch width in the leg portion, -|- inch width 100 
in the restricted or hot zone portion, and length 
of 2 inches. The thickness of the ribbon was 
0.015 inches. A siliconizing cover mix was 
prepared having the following composition: 



Silicon 
Graphite 
Cora Syrup 
Aluminum 



77 wt. % 
12 wt. % 
11 wt. % 
<1 wt % 



105 



The corn syrup, used as a binder, is com- 
mercially available as KARO (Registered 110 
Trade Mark) syrup. The workpiece was 
covered with the siliconising mix, The work- 
piece was subjected to a temperature <of 
2000°C for about 14 or 15 minutes in an 
argon atmosphere in a tube furnace,, cooled, 115 
and refired at 2300° C in argon for 15 
minutes. Electrical contacts were provided 
by alligator clips. The electrical characteristics 
of the overall unit were found to be suitable 
for use as an igniter device, An initial voltage 120 
of 38.3 went to 29.9 at a temperature of 
1070°C, and an amperage of 4.8 amps. Time 
to ignition was 29 seconds. 

Example 2, 

A number of igniter elements were prepared 125 
in the configuration set forth by Fig. 1 utiliz- 
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ing a ribbon of discontinuous laminar binder- 
less graptiite having a thickness of 0.015 
inches, Electrical contacts were applied in 
each case by either flame spraying aluminum 
5 and nickel or by an exothermic flame spray of 
a mixture comprising 80 percent nickel, 14 
percent chromium, and 6 percent aluminum. 
Varying operating differences and the effect of 
varying the dopant are set forth in Table 1. 

10 Example 3. 

A resistance element in the configuration 
shown by Fig. 1 was prepared in accordance 



Element Siliconizing Conditions 



A Tube furnace, argon 
atmosphere 

B Tube furnace, nitrogen 
atmosphere 

C Vacuum, no dopant 

D Tube furnace, argon 
atmosphere 



WHAT WE CLAIM IS: — 

1. A method' of producing an igniter ele- 
ment comprising the steps of: 

30 a) forming a shaped body consisting essen- 
tially of flexible discontinuous laminar 
graphite; 

■b) covering the body with at least 4 times 
the weight of said laminar graphite of a sili- 

35 conising mix comprising 65 to 91% by weight 
of silicon in the form of elemental silicon or 
a compound capable of yielding elemental sili- 
con on heating, 4 to 25% of graphitic car- 
bon and 1 to 15% of a carbonaceous binder; 

40 c) heating the body and mix at a tempera- 
ture of at least 1450°C and, if the mix con- 
tains a silicon yielding compound, at least to 
the temperature at which said compound yields 
silicon, said heating being conducted for a suf- 

45 ficient time to convert substantially all of 
the graphite of said body to silicon carbide; 
and 

d) further heating the obtained silicon car- 
bide body to a temperature higher than that 
50 used in step (c) and in the range of 1800 to 
2500°C 

2. Method as claimed in claim 1 wherein 
the heating temperature used in step (c) is in 
the range of 1450 to 2200° C. 

55 3. Method as claimed in claim 1 or 2 where- 



with the method of Example 1. Following the 
refiiung in argon of 23O0°C, the element was 
again retired, this time at 24Q0°C in a nitro- 15 
gen atmosphere for an additional 15 minutes. 
Alligator clips were applied to the base por- 
tions of the element to provide electrical poten- 
tial. The element evidenced the following pro- 
perties: at 1000°C, and 23.8 .volts, current 20 
was 1.42 amps; at 12O0°C, and 32.3 volts, a 1 
current of 1,53 amps was measured. Thus, the 
• power consumption of the element was found 
to be 33.8 watts at 1000°C, and 49.4 watts 
at 1200°C. 25 



Room Temperature 
Resistance (Ohms) 



4 



0,4 



230 
130 



in the amount of siliconising mix used is 20 
times the weight of said laminar graphite. 

4. Method as claimed in any one of claims 
1 to 3, wherein the heating of step (c) takes 
place in an inert atmosphere. 60 

5. Method as claimed in any one of claims 
1 to 3, wherein the heating of step (c) takes 
place in a vacuum, 

6. A method as claimed in any one of 
claims 1 to 5, wherein the body is doped dur- 65 
ing step (c). 

7. A method as claimed in any one of 
claims 1 to 5 wherein the body is doped dur- 
ing step (d). 

8. A method as claimed in claim 7 where- 70 
in doping is achieved by effecting said further 
heating in an atmosphere containing nitrogen. 

9. A method as claimed in any one of 
claims 1 to 6, wherein step (d) is carried out 

in an inert atmosphere. 75 

10. A method as claimed in any one of 
claims 1 to 6, wherein step (d) is carried out 
in a vacuum, 

11. A method of preparing an igniter ele- 
ment substantially as hereinbefore described in 80 
any one of the Examples. 

12. An igniter element when prepared by 
the method of any one of claims 1 to 11, 



TABLE I 

Refiring Conditions 

Tube furnace, nitrogen 
atmosphere 

Tube furnace, nitrogen 
atmosphere 

Vacuum 

Tube furnace, argon 
atmosphere 
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MANUFACTURE OF SILICON CARBIDE HEATING 
ELEMENT 

Publication number: JP4230985 (A) 
Publication date: 1992-08-19 

Inventor(s): KOBAYASHI TOMIO; TOMINAGA MASAKATSU 

Applicant(s): TOKAI KONETSU KOGYO KK 

Classification: 

- international: H05B3/14; H05B3/64; H05B3/14; H05B3/62; (IPC1-7): H05B3/14; 

H05B3/64 

- European: 

Application number: JP19910134807 19910606 
Priority number(s): JP19910134807 19910606 

Abstract of JP 4230985 (A) 

PURPOSE:To easily provide a U-shaped or 
three-phase type heating element with no 
adhesive portion and excellent oxidation 
resistance by cast-molding the slurry containing 
silicon carbide. CONSTITUTION:Silicon 
carbide powder and a binder are mixed, water is 
added to generate slurry, and a heating section 1 
is cast-molded into a U-shape. End sections 2 
are stuck after baking to obtain a heating 
element. The heating element having excellent 
durability, no temperature reduction near tip 
sections, and various shapes can be easily 
manufactured, and productivity is improved. 
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SILICON CARBIDE HEATING ELEMENT AND 
MANUFACTURE THEREOF 



Publication number: JP53 15056 (A) Also published as: 

Publication date: 1993-11-26 0JP3131914 (B2) 

Inventor(s): KAKO KOJI; KONDO AKIRA 

Applicant(s): TOKAI KONETSU KOGYO KK; TOKAI CARBON 

KK 

Classification: 

- international: C04B35/565; C04B35/56; H05B3/14; H05B3/62; 

C04B35/565; C04B35/56; H05B3/14; H05B3/62; 

(IPC1-7): H05B3/14; C04B35/56; H05B3/62 

- European: 

Application number: JP19920146491 19920512 
Priority number(s): JP19920146491 19920512 

Abstract of JP 5315056 (A) 

PURPOSE:To provide a silicon carbide heating element and an industrial manufacturing 
method thereof wherein a positive resistance/temperature characteristic of facilitating 
temperature control in a region of high temperature is displayed to eliminate dust generation at 
the time of use. CONSTITUTION: A silicon carbide heating unit is composed of n-type silicon 
carbide principle sintered material of solid dissolving nitrogen, to provide composition 
properties with a grain boundary barrier height 0.2eV or less, residual boron amount 0.15wt.% 
or less, free carbon amount 2wt% or less and relative density 90% or more.; A method of 
manufacture comprises a process of molding by mixing a predetermined amount of amorphous 
boron powder and carbon black in beta-type silicon carbide powder, process of obtaining a 
spare sintered body of 80 to 90% relative density by sintering in a vacuum or inert gas 
atmosphere, process of removing a surplus component of boron and carbon by washing the 
spare sintered body in water and a process of performing heat treatment in the pressure 
nitrogen atmosphere to solid dissolve nitrogen. 
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INAZUMACHI HIROSHI 
Tl - (A) 

CONTROL OF RESISTIVITY OF SILICON CARBIDE SINTERED PRODUCT 
A8 - (A) 

PROBLEM TO BE SOLVED: To provide a method for controlling the resistivity of a silicon carbide sintered 
product, capable of lowering the resistivity of the silicon carbide sintered product and capable of controlling the 
resistivity in a wide range. SOLUTION: This silicon carbide sintered product is obtained by mixing &alpha -SiC 
powder having an average particle diameter ofO.1-1 O&mu m and &beta -SiC powder having an average particle 
diameter of 0.1-1 O&mu m with ultrafine SiC powder having an average particle diameter of <0.1&mu m and 
synthesized in a gaseous phase by a plasma CVD method in a desired ratio and subsequently thermally sintering 
the obtained SiC mixture powder. 
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Abstract of JP 10302940 (A) 

PROBLEM TO BE SOLVED: To provide a 
terminal structure of a single terminal type 
silicon carbide heating element available even 
in a temperature area (1000 deg.C) that has been 
unavailable before. SOLUTION: A material of 
an end part metal fixture is changed from 
conventional aluminum to nickel, a nickel metal 
fixture 6 is engaged so as to protect an end part 
1 from a high temperature, thereafter nickel 
metalizing process is performed, and a nickel 
braided wire 7 is fixed to the nickel metal 
fixture 6. Further, a ceramic collar 2 is covered 
at the end part 1, a ceramic cement is filled 
therein, a heating element terminal part is 
neither oxidized nor degraded, and a terminal 
structure available at a higher temperature is 
provided; 
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SILICON CARBIDE HEATING ELEMENT 
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Abstract of JP 2000048936 (A) 

PROBLEM TO BE SOLVED: To provide a 
silicon carbide heating element that can 
improve the temperature distribution inside a 
furnace that is required for a heat treatment 
furnace or relax its load and can effectively heat 
the furnace by changing the temperature on the 
surface of the heating part of the heating 
element. SOLUTION: By arbitrarily varying the 
diameter of a heat generation part of a heating 
element, surface load density is varied and the 
surface temperature of the heat generation part 2 
is changed. By reducing the diameter of the heat 
generating part on the terminal sides, the 
temperature of the terminal sides 1 is set high, 
so that heat loss from the terminal sides is 
reduced and the temperature distribution inside 
a furnace is improved.; On the contrary, by 
increasing the diameter of the heat generating 
part on the terminal sides 1, the temperature of 
the terminal sides is set low, so that metal 
fittings of terminal parts can be protected. 
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HIGH PURITY SILICON CARBIDE HEATING ELEMENT 
AND METHOD OF PRODUCING THE SAME 



Publication number: JP2002338366 (A) 

Publication date: 2002-1 1-27 

Inventor(s): SHIMOYAMA NOBUYOSHI 

Applicant(s): TOKAI KONETSU KOGYO KK 

Classification: 

- international: H05B3/14; C04B35/565; C04B35/626; H05B3/14; C04B35/565; 

C04B35/626; (IPC1-7): C04B35/626; C04B35/565; H05B3/14 

- European: 

Application number: JP20010150844 20010521 
Priority number(s): JP20010150844 20010521 

Abstract of JP 2002338366 (A) 

PROBLEM TO BE SOLVED: To provide a high purity silicon carbide heating element 
having non- staining property and useful as heaters of various devices used in the 
semiconductor field or the like, required to be strictly kept free from contamination, and a 
method of producing the same. SOLUTION: The high purity silicon carbide heating element 
is formed from a silicon carbide sintered compact which is produced by mixing 60 to 80 wt.% 
high purity &alpha -type silicon carbide powder A having an average particle diameter of 
<=100 &mu m and containing Fe in an amount of <=10 ppm, 10 to 20 wt.% high purity 
&alpha -type silicon carbide powder B having an average particle diameter of <=2 &mu m 
and containing Fe in an amount of <=30 ppm,; and 10 to 20 wt.% &alpha -type silicon 
carbide powder C having an average particle diameter of fclt^l &mu m and containing Fe in 
an amount of <=200 ppm to obtain a silicon carbide mixed powder, then adding water to 
the silicon carbide mixed powder, kneading, slip casting the resulting slurry to obtain a 
formed body, firing the formed body under a non-oxidizing atmosphere at 1,800 to 2,200 
deg.C, and subjecting the sintered compact to acid treatment to dissolve and remove 
impurities. It is preferable that the silicon carbide sintered compact contains Fe in an amount 
of <=10 ppm, and has physical properties that the electrical specific resistance at room 
temperature is <=0.1 &Omega .cm and the density is >=2.5 g/cm<3> . 



Data supplied from the esp@cenet database 



— Worldwide 



<i9)B#w#fF/? (jp) (12) & n ^ §^ & $g (a) (nmmm'mm 

4#i$2002 -338366 
(P2002-3383G6A) 



(43)&B§B ^14^11^2713(^002.11.27) 



(51)IntCl. 




F I 




C 0 4 B 35/626 




HO 5B 


3/14 C 3 K 0 9 2 


35/565 




C 0 4 B 35/56 1. 0 1 P 4 G 0 0 1. 


H0 5B 3/14 






t 0 IX 








10 1Y 








mm w$m<Dm ol (±5 jo 


(2i)m^#^- 


#812001 - 150844C P2001 — 150844) 


(71)tUSiA 


000219750 










(22)/Jl^0 


^■mW 5 E21 0 (2001. b. 21) 




jm&mKmm6 ni4#i^ 








T0J nil 






















(74)^8 A 


100071663 








m± mm 






F^-A(##) 3K092 PP20 QB09 








4G001 BA22 BA71 BB22 BB71 BC13 








BC52 BC54 BC71 BD01 BD23 








BE02 BE22 



(54) vstmoom mmmtm^m^xs^mm 



(57) imm 

mm] mznd*mftmzT®mti&m 

Ts Fe^fi200ppmmT<O« ffl«fl3£*»*C £10-20 
MIS U IBS! Lfc* 9 U -£«&#j*JB LTf*S>*ifcJ* 

^^^sg-fTOHM^isoo^oor^ssT-mt, 



!(2) 002-338366 ( P 2 0 0 2 - 3 3 8 3 6 6 A ) 



mmn 1 ] ¥ wf& i o o m ot, f e ^* 

1 Oppm OT^*6S«S[K'ffeS3R»*A$- 6 0-8 0 
Sfi%, ¥^S^@2 / um KTs FeMl3 0 PPinJii 
T^SMS « SL&<( B £ 1 0 ~ 2 0 SS% , ¥ 

1 vm ITF, FeMi2 0 Oppm EiTOaM 
$tt9SS*C£ 1 0-2 OfiM%, tf>iiJ£Tii£Uc 

- u xn wzmmimitmmm 

1800-220 O'CWMtKU JXV^TftHWfc* 

iii ixmm *mm£ ixmhtitzmmmmm 
[imji 2 ] mtimfmmK f e ^« 1 o ppm 
2. 5g/cm3 BLt^iwtt^rfis if*^iiBa^att 

im^3 ] TWFfi 10 0/ii JjTr\ F e 
1 Oppin OTO*||KaaK'fl^B»*Afc6 0-8 0 
¥*Wfrffi2jUi J2Tr\ FeMi3 0 PPinJJl 
T^$ieJKaSK€S«^*B& 1 0-2 Ofi*%, T 
WFfi 1 Aim F e £3*2 0 0 PP m OTO al 

&^*t&*c& 10-2 0Sfi%, cDMlK'M£L£ 

-m&mm i xmtozmmmmmmm* 
1800-220 o°c<7)umxMti£L. <k^xmm 
mm Lx^mmtm%-?& - 1 zmtt&m 

[0001] 

*mfc$m% t*xm #s§ieo t - * 1 1 r^r 

[00 02] 

mmmzm itzu^ix \> ht&>, mm^mmco 
[0003] mtmm^mis i cmmmmt l 
muaye^s^^s i c ^^^7^ z mmwz ft® 

■sffimmis mmzm&xm&Ltz&jg, s i 

»ILT£rf$-t2\ S i <0gBH-8Effl£0Sfc: J; 9 
SsAliiS i cozjJdFf teJ: 0 s i c»*£lS£3tf 

[0004] mmmm&mt. ztihoumtx m 



ss, mffimmfc<7m&mmx*$>&. mm 

ti&b o . wmt ixmfca.~?x%$Lmmz> z. 

[0005] ^<oxmmmtttzMz s mi 
\mm5 9-2307 2wmtemmm\$mfo 

Its «P4 - 2 4 8 2 8 5^fS^i4BMHM«fc 

[0 00 6] U>L&#£>s 

d tpmmx-nm mmuz h cox-mwzMz^ 
mtim%mmmz^tti&T4m, Mt\tFe%z 

[0007] 

2 o oum mmmwmmmznxzmmmtmt 

#=Sr^8 0 0-13 0 0VC0HC 1 ^'X^zVJr^mWi 

\mvtz^m\m.mm%yi 800-2000 xw 

mtffi&lXnbtVfcFeitfi&tfl Oppm OTs MS 

T-o«Mlb^m^o . 1 nc«OT<o^MWB£S*# 
#tt. -?-^ffiHCVD^ [ J;06 0-2 0 0^in (0 

m (tfif io-28747 2*m) mi 

[0 0 08] l,ipl*:tft> s cvDm (cvijS) fej: 

mmmmmz^\ ^xm^wt^mam^ ws&l 
mmm^cvDmizx&mmsmmmt&z 

mtLuzhh. 



1(3) 002-338366 (P2002-338366A) 



[0009] 

0 O^m OT, F eMil Oppni OT^AMiXaSK 
ttSS»*A£ 6 0-8 0SM%. WSfg2|t» JS 

Ts FeMi3o ppmr^mmammmmm 

B£lO-2 0Sfi%, Wfgljui J2lTs Fe£ 
^Ti2 0 OppBrnT^aaUR-fl^SMB^C* 1 0-2 0 

j©g#£#IM:tt#H&# 1800-220 o 
oppm mr, ss^tsm^TOt^o. iQc«m 

[ 0 0 1 1 ] *fc, *^Bfli0^lt«MtS^^#:^M 
B^fis Wi^fS 1 0 0 ju« J2TK FeMi 1 0 
ppm OT^l*fiK«aUeftS*«5|5A* 6 0-8 Ofi* 
¥±^14^12 //m JiCFs Fe^tl3 0 PPraJalTO 
^iK«M^g*m*B^ 1 0-2 OMM.%. 

1 Mm iclT, F e #^ft 2 0 0p P m ^T^aMME 

a*»*c & 10-2 om&%. owi^xi^itzmt 
mu^m^iMixmmi. mm ut*? u 

o 0-2 2 o owmsccm&u m^x-mmmm 

[00 12] 

m&mmmm htzwmmmmmm^x* 5 y 

[ 0 0 1 3 ] -fttbh, *mmffl&mmtm» 
(4s mmmmmv^k ix^mm-m 0 o^m jy 

T\ FeMil Oppm OT<9S^«^fca*i»5f5 
A£6 0-8 OmM.%, ¥Wfffi2jUM OT> F e& 
t!3 0 PPinl^TO»$K«SM^S^*B^ 1 0- 
2 0fifi%, T^fi^S 1 Am mT, F eM!2 0 0 

ppi» pxrcoammmmfttcz 1 0-2 oas%, ^ 
[ 0 0 1 4 ] d i 5 mmtmmK&mmmfM 

*0s M;U4¥%¥iHW'l OO^rn *iBiitO*« 

fflt^^fci#fisft«^^2. 5g/cm3 miizm 



1 0 0um OTs 2//1 JilTs fcitf, 1//B OT<93 
0 , ^«0»< N W*.tf¥*Wfrfft* t 1 Aim m 

[0016] tttbhs mmammmmmt 1 

X s lOO^flT, F e 1 0 ppm \>\ 

T<0m\5£.m* A t Wifg 2 Aim OTs F e 

S3 oppm WT^Mkit^* b 2 m&co&utmmft 

»A«fMlp mr, Fe^-W 

s 2 0 0 ppm mro a mwmwjiM cwm^bKh. 

*A(480-1 OO/tm , |B)B(41-3Aim t"^ 1 ?. a 

[0 0 17] £*l&<0#tta5^*A s B, C{4 S A§r 
6 0-8 0S*%, B^10-2 0SM%, C^IO- 

2 0 aM%^mTii-^ txm immm^m 

[0018] .IcOK^a^I^^l^KfcM^S^T. 

»«w»c*^»yx , * * v ^(isigfp^ if ^ 
gg^ttUfflMtf 1800-220 ovcommm 
tiufm&Lxffimzti&. ^mmisoov^ 

2 0 o'c*nt&mwmmMtf£.i&tzibx*h 

[0019] &^x\ mmmmmm^y vm, mm 
h h v msm& b'commwzmm ix , ^mumm 
zztiz. ^mmm^xDF emmbt&%m& 
mmmmmmzztix , wmmimmmm^ 

[0020] ^mmmmmttmwkmt, 
*&b ltf etts&i oppm jar, m^zm^mM 

JZffijfflO. lOcmmT. ««*»2. 5g/cms jyjb<0flf 

[002 1 ] ^NM*c^»!fi:ff<o#^ltfc:ffiffl§tL&» 



!(4) 002-338366 ( P 2 0 0 2 - 3 3 8 3 6 6 A ) 



mmmcommx-fo& s i cfMWz&tti&m%^ 
o , t hmmmm^coF e^A* 1 

Oppm MTti-lZtmULW FeMMl Opp 

m mitt, %mt ixmmmmm, mtitzF 

[ 0 0 2 2 ] 4fc H *^^)S|iBgK-ftS«^i&#:{i, 

& msufc&ffitf o . i £!cn.mT*e$> o , £ fc&s&ft 

t T cOff % M&t l> fctfH^cO^g^ 2 . 5 g/ 
cm 3 J2l±-C& & £ fc L V\ 
[0023]£coJ;d fc*^B)?«^K^£If Sl&il* 

c t m^cowi^xM^ttzmmmu^mmmt 
ix. M&frm&b. mmmmt. mzmmmix 
Tmtmmmiz ixnwzmtmmftfrm®, 
ztix&v. m KteFemmn o PP m ot, m 

g/cms m±o»(4&€i.T^ , 9, ¥mmmk"xim 

[00 24] 

[00 2 5] HJfiWl 

JpJWFFff 9 6 // m , F e #^fM 1 0 ppm COlff JlcOflStt 

5 a SM-ftS«m* A £ 7 0 fiM%. 1 • 9 
A< m s F e £W* 2 6 PPin C0T|T|E(0ftM^ « 
»*B&2 0SS%, Wii^SO. 7//m s Fe^ 

mi 6 oppm mmcDammikmm^c* 1 os* 

%, co|iJ^tiM^t^K^MvI^*i oofiM 
»(c«*2 ofiirfMi-T, #~/k$/KCi sif^M 

mix^yv-^mmbtz. ^xy^-^mm.^ 

t&&, «3i*j£j#Lfccofc*^ f2HLT, MS 2 0 
mnu rt#10mm, ^§ 2 0 0ran.^R^«^#:^SL 

fe. c\comBms.^'xmm%^2ooov(o^miz 
zm. m%ixmtmmmmtitz. 

[00 26] mtMM2 

^WL^'ii 9 6 ju m , F e ##;t 1 0 ppm COTftMcO&U 

6 a mmmmf^A £70 max , y wf« 1 . 9 

Acm s Fe^-W»2 6ppm «TfJK<?)i5aJS«MM-fba* 
»*B£ioSi%, ^Wtf-'m. , Fe-grW 
Si 6 Oppm <VlftM<7)ceWtfcWfffo%C*2 OS* 

% s <nmx°m& Ltzmmimmmmmm^tzm 



[0 0 27] JtWJl 

9 6/41, F e #fci 1 0 ppm <0 TpflRcOiSStt 
*afflJfc(Bi*»*Afc 5 0Sfi%, TSUfrfffil . 9 
Atm , Fe^fi2 6p P m mMnimgZccmmm 

[0 0 28] ibWJ2 

¥%f4TfS9 6 Atm , F 1 Oppm COlftM^ffi 

KailWIM5fsA| 6 0S*%, Wi^fSl . 9 
Atm , Fe ^« 2 6 ppm OHJJK^iSBWKaSK^H 

^e&**fflv^flfili s ^-CUMlfiai 1 Is] t*3£fc J: D x 
[0029] M3 

^Wfl 9 6 Atm s F e 1 0 PP m (OTUIScO®^ 
SaTOfc3St&*A£ 7 0fifi%, f^fgl . 9 
Atm , Fe#^rS2 6ppm OTf«(7)SM««MK-fkI^ 

^*^fflv^5tffi(i, ^T^is^J l h is] t^&fc J: 0 x 

x. mmmmmmmitz, 

[0030] tmM4 

9 6 Atm , F e ^fi 1 0 ppm CO rpJE<0®« 
SailK^fS»*A*8 0afi%, Wi^fll. 9 
Atm s Fe#^T*2 6ppin OTfJ|IC7)«MS«Mlt'f« 

^l»**ffl v^ffili, ^T^MM 1 i: IhJ >9 x 

Xs mmmmmmitz. 

[003 1 3 &mm5 

T*WltFfi8 9 6 Atm s F e 1 0 P P m CO rU!$^®$fi 
HMMA * 7 0 MAX , 0 . 7 

Atm , Fetfil 6 Oppm cOTfj Jffico a mmmWffl* 

c*3 osm%, cosii^tii^ l tzmmmmm 

[0 032] 1LWJ6 

[ o o 3 3 ] £<o x $ iz ixmm Lfzmtmmm^mz 

V\ tlp«*8BgLfc. ftfeflfctS**, «Bt*ffi:*fifc 



1(5) 002-338366 (P2002-338366A) 



[0034] 



#|No. 


flfr* («»%) 


mm 




F e^f 
fi (ppm) 


(Qcm) 


(g/cm 3 ) 


A*l 


8*2 


C*3 




7 0 
7 0 


2 0 
1 0 


1 0 

2 0 




9 
1 0 


0. 045 
0. 046 


2. 53 
2. 5 5 


tfclfcMl 


5 0 


5 0 






9 


0. 042 


2. 2 7 




6 0 


40 






8 


0. 043 


2. 33 




7 0 


3 0 






9 


0. 043 


2. 38 




8 0 


2 0 






7 


0. 045 


2. 40 


mm* 


70 




3 0 




2 7 


0. 048 


2.5 5 


mm e 


7 0 


2 0 


1 0 




3 0 


0. 045 


2. 54 



*1 ¥^4^19 6^111 s FeMll Oppm (Om¥&&ammtHM^ 
*2 ^ffii^il. 9jum , Fe^i2 6ppra WS^IailftSil* 
*3 T^S^gO. 7 Mm N Fe#Wfil 6 0ppra ©ail^Sli* 



[003 5] HI <OtS**»fes ^m-U9 6/*m s F 

e -#r#M i o ppm smimm^A ziom 

Wffgl. 9/xm % Fe#^TM2 6ppm (0 
iSMEaSK^«l&*B^2 0Sfi%, 
0 . 7 //m , F e S 1 6 Oppm tf) a 33#M13£*I»* 



|A 

[0036] iftfcM bT, »B&afflMtf»MC 

3 oa«%ie^L^M-ftii«m^*^M«t ltjbu 



CO F e < * ■& £ k mm tztlh. 

[0037] 

Ts FeMU Oppm mT<0®*6Ka^ta«»* 
A^6 0-8 0fi*%, T%t4^S2Atm OT, Fe^ 
M3 0 PPmOTcO«^aMM-(^«m*BS: 1 0~ 
2 0fi*%, /^m^T, F eMi2 0 Op 

pm OT<0a!!*fl3aS»*C* 1 0-2 0fi*% s tf) 

0-220 0 'CtfJSS^MU &V^«#:£I»I 
teiftfT, Wilf. FeMt^'l Oppm OT, MSfc 

ettittJiuaiaiwo. iociiaTs»«* , 2. 5g/ cra 
m%kxmzti&mmmmmmmm?m& 



REACTIVE SINTERED SILICON CARBIDE HEATING 
ELEMENT 

Publication number: JP2003073168 (A) 
Publication date: 2003-03-12 

Inventor(s): KUDO SHIGERU; KITAHAMA HIROAKI 

Applicant(s): TOKAI KONETSU KOGYO KK 

Classification: 

- international: C04B35/573; C04B35/565; C04B35/565; (IPC1-7): C04B35/573; 

C04B35/565 

- European: 

Application number: JP20010261043 20010830 
Priority number(s): JP20010261043 20010830 

Abstract of JP 2003073168 (A) 

PROBLEM TO BE SOLVED: To inexpensively provide a heating element which is 
composed of a high density and high strength reactive sintered silicon carbide compact high 
in reliability, and capable of accurately controlling even in a low temperature region by 
lowering a negative temperature dependency of electric resistance at <=500 deg.C. 
SOLUTION: The reactive sintered silicon carbide heating element is manufactured as 
follows. The sintered compact is >=80% in relative density, >=50MPa in bending 
strength and a N type semiconductor containing nitrogen. Crystal type 3C of silicon carbide 
occupies >=40% to whole cuptalline part, >=50MPa in bending strength, >=-0.1%/ 
deg.C in resistance temperature coefficient.; Mixed powder of &beta -SiC powder of 30-80 
wt.% and carbon powder of 20-70 wt.% is molded fired at the temperature of 1400-2000 
deg.C and then after being buried in Si powder, the remaining Si is removed by heat 
processing. 
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j; 0 s i cmmm^n^y ? zm^tx. thsr 

. J: l> k , Igiiftk LX-HMt. o 

mmhcom&tzwz^ g.m#*mm, m, 
m.m2 3 0 owAMzimtim^, wmmt 
im^zi 0 0%/3-s icmmzmWiixh, ^2 0 0 
0 >cm_k£T ys - am&mcomwk tuztb, 3 ca 

Itm^ttf 3 k ^ kT8 £> fcv ^^fifT* 0 , M#ffi^|g 
mtUzliMhtcW 

[0007] nrnmmi.. ^mm 1 » ™m<rm®. 

JD^T, IS®, ^)S-fl»£kfcj;0, ^mmkmao 

mm^thcox\ mm^mx vftwrnottsm 
lh<s Ar tfxmmmz x n -wk 

Stt^Sk^tlTV^. **^(4s mmzx'o 

W^tJfcfefctt »2 1 0 0-2 2 0 0°C(7)M)S 
aWBWfiW?* 0 . SHWI^iS - S i C l 0 0 
*?Xi>s H-aM^Z^. *|*Wfc3CSSiC<DJt 

[0008] tom^{4, s i c kmm^mr^ 
b^lt, mjsb^^s i mmzit, mkmt 
& mw.) ^kizk^sic-mm^m^xm 
mthh<ox\ immz^zxm^ms \ cm^w 
mt>tiz>nmxfo&. -yjiuzi. o*jst-i> s i cjj 

mxhi3cms i c(?)$wzn<i-&MmLx^ 

[0009] LfrVb&Wmfl- 7-8976 4#&« 
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[0010] ^rnnmrni x 0 ttmmiis 500 

into* mmis<im%cDmfaz, mmm 
www. 

[00 11] 

commmmjzn^x , mm* 0 . 1 nm 
*mfox% -o x , mmmmmx-h h 3 cm^w 

(04 0 %pj,±xh 0 , mm&tf5 OMP aJ2Lb s gift 
h 5 0 0 wffi£uftKfi$t#'- 0 . 1 %/°cm±.x% 

[0012] ±.mMmmmt&tz#><o*mii / z£ s± 

ttl.fy-o^mi^&tf 5 mkLbD/S - S i Cfft* 3 0 
-8 0fifi%k#S*I»*2 0-7 0£ft%a>&2rSM£ 

mmmuzm. s i «*{dHftUT 1400-20 

0 0 WSmrc*MU ^OfMW£J:D»fl> 
[0013]ifc ( ±fBS^8;fc*JVVC, y9 - S i C 

mmi, %mmmtf2 0-7 oafi%^to^ 

k 1 S £ k Hfftk t4 . 

[00 14] 

mm^hZKm&x-foti®. m^nmmmmt 

[0015] |Jfl^iiNW*Wttftfl|iT*J 0 , N 
5 0 0rotgffl-C(0ffieiMttt(i«ii6^=Sr 
Jt#tt£St£ k frfcs £ wffi£i«-o«WftM«(A 

Hilt stress . mmt^mmamtimco^y 

iTJA'y H^f-V >y7°(±2-3 e Vk#fg£JKV^*6, €M 

k * fcliT ? *r?m{&b MrHtb 

7 7^1 W5k*^fit<oil^bfcfc*;S < & 



izm&^mmmitiNmmfammi, mccou 
mmmmj>^itzfocomumb%& . ss^is 

»tfcNa5^SE#(i, 0. 0 3-0. leVg»0K* 

F^— flMfttt, 6 HS«0 . 0 6 6-0. 1 e VggrC 
fcftOfcWts 3CS«0. 03-0. 0 5eVt»^ 
fitS: k 4. LW<, 3CS^^JtWi^V^lk\ 

mxumWMb IX 0 - S i CfB**ttJ8 U jgfcii 

mmzis wc s 3 c asNNi $ 4 0 %pxm?z. b t <t 
0 , u 3c stftwtftiit ttsaa 

[0016] SlSfcoWCfciU -fe 5 S -y tm-fab IX 

mm%mx%*). mz^mmxd^ m$ms& 

ttzuz, imm£nws&>AV vhzxti&zbm 
mb%izbfrt>, %&%bimmt i iwamb%&. 
*mi<zt3^xte, mmw.Mxzm^xbmfab 1 

mS^is^l, ims i mm^txmzt-'Ukm 
t£^&£cmmm<onm*. w-si ck ixn 
mmmitt&zbizx-ixmmmzfoi.zik, m 
mmitmmb 1, mmiz 3 cmmmm< £ 

k*%Sgk=5rl». 
[0017] ±iate^fe, 
mm\b lt 3 csisns i cm-xhhn - s 

^flc* S i S*fcII UTSW^S . £<1 J: 0 , S i 

c~<m?*£f&^xmm^mmmm%^& 
£ k ^ j: d . 3 cm&&cr>im*m, zbm 
mt%&. tit* mmz-tmrni £ k ^< , 

^K8 0%JSLh<0S i CMIS#:^^W#^til», 
[ 0 0 1 8 ] 0 - S i C^diW&iW 5 /x mm 

mmmmmm 0 mmwm %\^#>, mm. 
b *tt&\z\*jmmmm*nYm< lxh< >m 
mufiib*). wzmz\i^Mbtp^/3-s i cm*{±» 
mo i><r>*ffl$th £ k tmt 1 v ^«>'c* & . ta. 
mmztmmz 3 c rniz#> m.m* 

cfM^mm^mz^xii.. 0. i%v±<7)h<D 
mmizm^tih. 

[0019] m^mt. "fmm 1 - 1 0 0 u m<rm. 

=fW) i> <Otfm * hfl , W8g 3-15// m<DS 
i^g^ft £C0^-S i CS*k***&*<^- 
lb«S*lkt-3 : 8-7 : 2<9«fflfc:tJfl&tS£k>&*a 
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[0020] imm&mtLx. a-?Aki'»ii* 
mz&x s i c i^vmwzx mmi 

fz/3-Si CXfo^Xs *KJKIW2 0-7 0%£tf 

izkiz£*) s mmxn^m&xuzmmx* 
[0021] &^vztikmGm*jm*z>. mmm 

mrv-mm mnm^mz x d w&mth . 
%<o«H£&s cfc a fcdnffiaapts i k i?<mxfo h . 

[00 22] ^(Ommt. S i«5f5(C«RUTlWMC 

MJKtr?xw^j^L^s i c^iS/S - s i cnn± 
lis s i k c #^KJ£*rt§& l 5 o omts /3 - 

s i ccD/3^otmw$it%^2 o o omrt'&o, 
^"riB^sss&^ArxrxteTiTiOrdikfeiOs 3 c 

£<n&ts. s i <^ats#5fi<oiiircii# 

s i <?>miffi.mn%Ti l zmtstz£>, ajsuss i 9 
n 4 mmti 1 9 o orm±^as^^t^i» 

»t s;wi<, ixmmmmz & . * 

[00 23] ±IB*i£^^^fufe«BS#fc-ov^(is 

mm., m&xmmth z. k \zx o s i 

(is N 2 $xnm%^X%tHS 2 100-2300 °Cs 
SEffi3?H^tf TfcWf 1 8 0 0-2 0 0 orotBBKrc 

0 0-2 0 0 OXXWtomWTifflt UW\ N 2 #X 
^2 1 0 0-2 3 0 0°CT , %at-Cis &S&K3CJt 

m*ni-zkiffl&x f b&iz$>. jii4sw<N 2 # 



[0024] Z<D X o iWf s JKftfcfcSKt 

LTs SSHrfrfiO . 1 %m±s W»£ 
5/xmm±<7)/3-SiCm*^fflU i^^bS*f& 
mmk s i <0RJC(cJ: 9£$L£:3;/3 -SiCC 

0 s mmmmmxfc & 3 c s^^o 4 0 %m± 
t^r 0 s igm^mttt^#tt^i&#ts 0 0 
°cco^«ht-- 0 . 1 %/°m±mmmm.m 
1, mz5 omp a&±<Dmmmmi-&mim?im 

[0025] 

gfg##M0 . 131 Wt£?#2 1 . 5um(D/3 - 

s i cmtssnsxk^m-m o^mmm 

1 4mm, |*|fl8mm s fi§60 0 mm<7y o X s 
3i|||«WIPK<0*59 §^fc«f»e 
#^»BIM^6 0 0*C£TMi®i!U^s s i t8* 

0 O'CKMUs S i t&MK^-tirTS 

2 2 0 O'CCTiWlLS i £$5»£U fflW^JK8 
7 %<OK^I3R«Bifft*8Bi btz . 

[00 26] ^SfeM2-3 

LT/3 - s i cm^^^KS* 1 1 • 
2um s 8. 0//mcOi>(O^ffifflL^His HJtWjl 

[0027] ^J&fe#ij4-5 

m**ti*tii oms%-3 om&%k itzhcok, 
4 o mm% - 6 o fi*%t itzh mm* , mmm 1 1 

[0 0 28] HJW6-8 

mis^ 1 5 o 0T3tffi*&tf a r #*mm, mm 

^N 2 ^X#ffl^iti2 2 0 0°C%.V2 0 0 O'CSS^fc 
[0029] JtKRMl~3 

lt « - s i cfmmmtm 35 m 

[0030] doJ: d felBttLfcaatWl-8s it»i 
l-3c/)^#;t-o^Ts H^iKfSl^s SS^Ms 
x«niJR6t!:J:*3cgs*Sfl<o^Jt*s ibJEfffs M-ffl 
*»^5 0 01Ci-C<^StflSaKffi» (t. c. R) zmfe 

ts ^<»ais**«iai^2tewf . 

[003 1] 
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[ 0 0 3 3 J m &tm2 fc^rf J; o #3feHJ!o#fc 

5 0 Otit*W«^W- 0.1% 
/•C£Lhi:<BiSl/0^. ^Sto^Tis 5 0 

mp afiLLT* o s ^mmzy^ymmmx^mtx 



tili.d te, #3fcBJJfc iftff/S - s i c&tf C0K£Jfc 
?&zti> mtx% 0 s SSIHlftiKRi) -o.i %/*c 
[0034] Kmz, mmm i &t/it«M i *>m^* 
twa<^stt*(c»i«f m o o o«c^t-««% 

SfcbfciHillfcH 1 . «Wfc:^LfeR t /R 1 0 0 
0 fcOWCW:, 1 0 0 0WO8^ 1 Lfc*a*># 

[0035] 

[2&BJ02&H] J2UKOk*J0, «CJ;Wi 

IMtfc § 3 cm&Z 4 0 %JJU:fc:-f & ^fcfccfc 
0 s 5 0 O'C^T'Offi^MliC^'- 0.1% 



[Hi] mt0i i mfmm i fct5fti.^ft:o^ft* 
^fflasi: j&iit ( r t /r i o o o ) b mm^ 
Ltzyjyxhh. 
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cum i mmmmmmzm^x mtimmit 

Ph CI, I*»feaHRS<tfcia4fcli2«UU:) 
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-x||£(fc«U x\iF s cu l*»<->»R§*ifcl 

mt-timmmimtm, 
imm 2 ] miBEMffiii, mmm ? s * ? 

[If 3 ] WfB»f t iflBK«^»fc *>IWc , m 

mt<ommm.mm. 

imm ] Arias wt iSi^j^Msr* & £ 
t mmbi-mmn 3 fBi5«ow^w^ktt«P( 0 
[it*Ji5 3 tummt. mmmic. #&mm 

j*u mmmmm^-^m^. c-x%$ (tz 
t*is xisF, c i s ipt>MmtiKimtzte2n 
m.) mt&mbix%izbmmb~fm%m 

1 &v ^ L 4 <o v vf 1 HIB«^IMiifK-fttt»4 « 

[ft 6 ] mmmmwm. ?a y wis* 
b h-ummtmmmmb mtx^m 

*«il££i43 ^S«»U fflBKS^»^ 
-gB<D#tSt£ s C-X*g& <fc#U X{JF, cu I 

*»feWKS*ufel»*fcli2«CLJi) mt&mtt 

msms ) >j?%<b i>*mm$m i l 6 <w 
•nut* i mmnmmmikmmfcj: mmznx \^ 
hc\bmmbi-&mm. 

[00 0 1] 

mmitzmmmitmmb tmmmvtti 
m^tz^m^mi-tmxht. 

[00 02] 

immwrn u*. i o o o^mr<oimmmxm 
{4. * U7r> (Mo), ?y?XTy (w) ^coim 



(A 1,0 8 ) N iW^W (A1N) s -T 
>yhU DATA'S h (YAG) , gg-flr? 

(MgO) ^ifi^ttW»l£-fe5 5 >y 9 

^mMmm^mix^h ztfru^ mv&mmo 
iFrnm. wm<DX-h^v?-. mum. m, 

[0003] 

iwMmmbkdbi-mmi bt\^x\ imitzm 
tc> apt., mbm^x^mimmu 

fc{4^fflt i) i t =5rv ^ v >a rm&tffo -> tz . 

[0004] »JJ|(4, JilBOfS^&M^^/Sto^^ 
Sto^^T, AiaBMfctt^H^Ttisv^ iff 

[0005] 

mmm^i-mm&mmi-^<mnmiitz®i 

{$\ ±IBIRgl*S6$69fcj|l^tl» i b j&^CS S i i: * 8 

coa^-^^^C-Xii^ (^t, X!4F, C 
Is i^38K§ii3fel«*fctt2SUU:) ft*t*K 

[0006] ^^WiiWK-fbe^ffcii, ffilB«*. 

^t. x{4f s cu ifrmtRZhtzimttzte2m 
v±) ^^hmmmbUzzuzx^o , zcom 

[ o o o 7 ] & tz, *mm&. m&mmmb i 

X, i»7S7?X, mcoo-hco^ 

-nvfrzmwi. mmttmmttim. mam 
immozb. mtitzmmmmmtz>zbb% 

[0008] f(IB*Mi: fraB0»»RWRj:^l8l(cUs 1 
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[0009] itria/ifiw, mmwm±mti-&cDtf 

m±~t ztiizxt), mt mmm t mom 

[ooioi^c tmmmt. smmmnvm 
mmizx o 7 7«« imimmttziiB^mm 

titc i m-M& 2 wj±) ^mxLtzm-mmmmm 
mitzwmmimwmm\mzm^t £ t 

lc\b*9ttyltz, 

[ooii] i-ftbh. mmmt. smmmnz. it 
immmis mmmmmo-^mm*. c-x 

[0 0 1 2 ] *fPM^4. T|fffBK#i^«#\ 

phmmtitz i mttzte 2 wa±t**t * - 1 m 

[0013]*^, *mm&is mco^< t %>- 

^ (*:*fu xjiF, c 1 s ipmmztitzimttz 
\±2m®±) mxuzwmmmmmmm 

[0014] *m*mmmmmm 

mm^mmm^^x . mmmmmfc. it 

wmiu mzmmmcD-mcomz, c-x 
m& (fc#u xi±F, c 1 „ ifrt>miRztifzim& 



[0015] zmmrnxn, &mmmi>z, 
mm~tz\bx\ mmmmmco-mm^z, c- 

bh-wuz^ ik¥wmmz%%ix-f>t), a>o s 

1 0 0 1 6 ] ttz, *m&mts mm>*m*% 

k s WtfclWtttfc t fcfcfll* & H k lz£ 0 , KiM 
z\k*Wlkth, 

[00 17] 

mmmmmm *m<omm®itmmk ^ 
mmirmm%nm^tzmdkcD&mmcoBmi,z^\ \ 

&<mmzitz>tztbi l zMfomzmwt& ^x% o s w 

[0018] i liTFs *^)5im^itt 

mmftmmt. mmmfrt>%&mtk. torn 
b h-^mmtimmb mtxn ^ , a 
commits ±mb%tihmcod-h-^comtfc- 

XIS^- (tztiL. X{iF, C l s IPhMiR-Btitzim 

tt:\t2wj±) mtmmmm mr, mzc- 
xmm*msmmkimt&) izxmmztix^ 
&. OTs mts c-xm^mAmmmizmmi 
x, sfetewwt*. 

[0019] r^Mj ^OXW^fflj^-rsWfittWfik 

ixits mzm%zti&i>cox'm\Ws mix. mt 
VA*mmsMs y?7T4 h (Mitt) s mmm 

[0020] i*i/S,<oWI}Mt*f^ a fe, 

[0021] (tea^tgi) ^m^^o. i~io 

U^) b. ArWOWMimW-mMcoyyXvWz, x 
KfW^#At, RjejR<OJEE** 1 • 0 1 x l o 5 P 
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a ( 1 Mil) *8t#>£> 1. 33X10Pa(0. lto 
[00 22] (X£#£2 ) MB^ft 1 fe*Jft*Kfl» 

tfjss. iti^cosjg^^v^tt. mm 2 7 

266 Wf|«2 7 3 24 0 8#tC|l!^**lT*J 

[0023] zti&mmmzx mi>titzmm$ 
mmmZs incmj&ri\ w*tr, i x i o- 2 ~~i x i 

^t(ox\ ^mmmcommmmitmmcomt ix 
ttmxfct), z\<7)Mm% l f$mm, mm, mm 
mmmmtiif. mm^mmmimmfitz^ 

[0024] ^ti^comtmmmm^^mmi, 
mmcommzMnitzm. ±mx-mmzmtz\ tx 
mmmco^mmmmm^mm^xmxi, z<o 
fit y vm^vimwmiizx vmmmkmztvfc 
s i otmimmmm. mfr&oim* u\ ± 

f B<^»&K(i 4 0 0 - 1 5 0 0 °C, 6 0 0 - 1 
OOOWKL^, 4 O O'Csfefll'Cfct 

S^ffl^SKS^^fcl^iStLf. 1 5 0 

[0025] jifBo^aufRUtt. mzm%.zti& hco 
x°m^tf. m^s i~4ob$i8j-ca&. i~ 
4 owHibw* tv^sn*a*iis i«BW 1 * 

#s wnf#raW4ou#p B i^0i.Ti, aw^ffl^jiii 

[ 0 0 2 6 ] *fc, *«£«tl>#«1fefeJK«^-te5 
$-y?XkLT, Pt-Al 2 0 3 , Ag-Si-Ni- 
Si0 2s Mo-Zr02<fWAH-*9Sy^4|-6*l 

*m k 1 * y /xf y , * v y "f> . -f u i*> 
u mtmmmtmmMmm-mmztix® 



[0027] zvmwmmt lx\±, nxst, * 
wmt&zttfxzz* ^mmits m®. o. 01 

- 1 m mU&X-ft-ftX-fo £ . fctS s Mi?* 5 ' 0 . 0 1 u m 

k^W*tt^ffiT-ri)*3^^$)l, 0 f«Sfi # 

[ 0 0 2 8 ] ifc. SW£^^&W »mk LTs 
/57r^ b (HUB) s 

>y ? x^w&tt&i* k am ixMxmzfflxx ^i&x 
m\x%&. 

[0029] k£6T\ ft 

k ®-mmmm dm< , 

?t«>. WSMSAH*aS«fctTfflv^^kl«H«, *w 

<Dm£?to*?yim<o*m (Mm) mmix 

[0030] r c - x^mxmmm ^ wmm<o 
'j?%< t mtammmmth c - x^#a 

X«F S CI, Ij&>&aHR3*lfcl»*fcM:2«ja 
[003 1 ] ±IE<Oft*jR«IS(is ^ftliS§*i&i<0 

fejWRsnfc i ^i42am±^#^rri» 
b , w&m-#yo\ vftvfr i a, * s v 

mmm^zmmmth £ t & coxtrmxh 
k<om. yj^y pw&hm&m y 

xtmx"fo&. 

[ 0 0 3 2 ] =5rfc, ±.m<D?'A ^y YMti-tfyti* 
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v/tfcm-#y£$ti?'A^y¥$ffi&Wbiz, 

?A -V* y Pt&Attm ft 4 b ?A V F 

&tf/ttz\±% - tfyiffltf Ltzi> cox'h h , 
[0033] ±ie^J^?MoJ?&i#£R&5l£*a 

w z<m&&, mfrtfiummx'foib, m<m 

^nfennevwi* wwti >>t«» ix it a t 
suta*^^ sit3Xhco±#*tg§, mmx% 
[0034] ±faoa#coiiffl^, £«o«k d&ifcstayfc 

%mmmwKb *).ttz, ?a y Ymm^ 
?a y vm£mfrh%&mmmmm im 

mmbixi$, mttfs **y. x*y N x 
?y, -mem. ~mum. nvn-ivm. ^ 
mmmmm^^ ^tmrnb-ttzbtf*? 
x*&mmt-&mm^» ryx^mmmbixa, v 

[0035] ±m<7Xt¥$mmt ixit, mz, ^a ? 

mx\ ryxvRm* y> ^-nz-mmiw i , ^a 
9 um^ryx^K^^ vx-ftiemsth n b x\ 
zm-vyrt-ntefflfflsimz^ mm-^ts 

jxvitzit, mmmMzmmmmm&i] 

[00 36] ±&ai^MFF-*1stsim#zb LT(4, 

4 1 < , j: o»s u< . iix tybymbmutm 

CH 4 : 0. 1 — 10. Ov/vl H 2 : 9 9. 9-9 
0 . 0 v/v%*Cft hU&$Xifi?'A^y YW&8fo 

[00 37] HCft#*08SSt«t, If l-500scc 
m s #£U<J41 0-200sccmt*i. ^OaS 

# s 5 0 0 s c c m%Ml&by°7X~?%.Bj-*yj^~- 
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SILICON CARBIDE HEATING ELEMENT AND JOINING 
METHOD THEREOF 
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Abstract of JP 2003327478 (A) 

PROBLEM TO BE SOLVED: To provide a silicon carbide heating element for high 
temperature use which is provided with heat resistance to a degree of >=l,400[deg.]C in a 
joint and durability, in the joining of a heating element part consisting of silicon carbide and 
an edge part consisting of a composite material of silicon carbide and silicon as for a silicon 
carbide heating element used at a high temperature, by examining the using components of a 
kneaded material used for the joining and firing conditions. ; SOLUTION: In the method of 
joining a silicon carbide heating element, a heating element part and an edge part are 
temporarily stuck by using a kneaded material containing, by weight, 40 to 60% coarse- 
grained silicon carbide powder with a grain size of 40 to 1 10 [mu]m, and 20 to 30% fine- 
grained silicon carbide powder with the maximum grain size of <=10 [mu]m, and carbon 
powder with the maximum grain size of <=30 [mu]m and a carbon component produced by 
the thermal decomposition of an organic binder by 20 to 30% in total. Heating treatment is 
performed under the reduced pressure in an inert atmosphere, so that a silicon carbide heating 
element is joined. ; COPYRIGHT: (C)2004,JPO 



Publication number: 
Publication date: 
Inventor(s): 
Applicant(s): 



JP2003327478 (A) 
2003-11-19 

SONEZAKI ATSUSHI 

TOKAI KONETSU KOGYO KK 



Data supplied from the esp@cenet database 



— Worldwide 



(i9)B#if#imf (jp) 02) & Hfl ^ it & (a) unmim&mm 

#1*82003-327478 
(P2003- 327478 A) 



(43) &MB ¥^15^11^1913 (55003. 11.19) 



C 0 A R 37/flft 
HO 3/14 




pi / "J r 
p n a "r a, oirn q 9 

U 'Jt JD Of/ UU i\ O Pa. U «7 £1 
n. U U D O/ It *±. \J \J £t \J 




!l$H§200?- n436Qf P2002— 134369} 












^J&14^5£9B(2002.S.9) 


^mmmm^m rawing 






(7?,)&#g ik 


















(74)ftJBA 10006-/541 






m± m m 






F^-A(##) 3K092 QB09 0374 VV40 






4G026 BAH BB14 BB5?1 BE02 BF01 






BF07 BF09 BG04 BC05 BG23 






BG26 BH06 



(54) [%w®%m mmmmm^^momm 



(57) imm mm) 

mm] m&vmt&msmmfctmi. m 

ktmmzimti i 1 1\ m&momff 1400 
6 o m&% t mm-ffip 1 o mOTc«i^ 

fi%o^Mft£J^Tffl#£Mg*U MET. ^tStt 



msmz&^x. mfemos i cmmo^sm 

if 2 . 8 0£LkT\ &V1 4 0 OVIZ&W& 3^ 
fflff $£#6 0 M P aJJlJi-C* 0 s SHSPcO^fittJftl. 

O/zm-l 10«m(?)iKa$|^)!/M 0-6 0M 

2 0-30 m.m.% t s 30// m wt<dk* 

k<?>&fcmmftW2 0-3 0fi4%t&l,Mffi&ffl 

mm kt&m%® 1 lett^M^*^*)*^ 

[HW&B 3 ] frlBM^fcli U «Jg£ 1 4 5 

1 6 o o°ctdhwi U 1 o o ow^L 1 

40 0'CtfO. OlTorrHO. 5Torr«8 
JETs 10 0 0°C&V>L 1 4 0 0K?J&»& 16 0 O'CWPeS 
H5Torr*^ 2 OTo r r <7)«EE(0^tt#IHMT 

xm&ix. mfr&m&*mmmfcmi, mm® 
km^txm&zit&zk mmki-msm m 

[00 0 1] 

m^axm^mmkmmm^mmi-i m 

X'cb h , 
[00 02] 

mmmmmcD mmzm ^m^.mktm 
mtm btix^tz, ifriz n-mx-o < htiamfo 
(omcommmmmi oxm&x-M , wm& 

[0003] i-tcb-h, wwmts mm*frt>tch 
mmk, mmmkimcomm^^tmkxm 

mix , mmm%ftx*m& (190 0-2 1 0 o°o 

[0004] U> LicO^fS&t W»' 1 9 0 0- 



1(2) 003-327478 (P2003-32747 8A) 



2 1 0 ovtm&titbs mmp^mtcmspm 
k^X<h. ttz, z\cr>wmm\&<*thnmkL 
x\t. fpmwmhk\^nm (#«§6 3-i72 

mcvmm$iLxi*\\ Jt 
mtm< %-?x ltd, mmtMm^mfm, 
tkk ixmymm^btix it 0 . zz\x\ m<oit 
mtf±tfb%\i8feimk ix , 1 5 p a ^ 

1 500Pa(0. UTorrHll. 25Tor 
r ) OMJ±TfcB§, SJg^ 1 4 5 O'CfrS) 1 6 0 O^C 

ximmm-mmifimm 10-29797 

[ 0 0 0 5 ] § hiz^ wfflfakWMri mmkmt 

id kz^-zhmzmi, zommm-smizm 
mix, 140 onxtmtmt mm m&m 3 - 

\vrA %kmamx> ix s f^ftittmcMii* 
ifixitab. mmcommmmzm^fixitw t- 
1 4 0 otmtfcs i: s m^mmmzmt 
&zktfmi<. t-9kixcom\zmmmm 
m\ tiz. mmmn omrm±kM:^tzmmm 
xm^\ s^fc, ®**wfcsn^ii^T-#^<, £ 

[0006] 

immimn, «^*c§ ^ v ^ ibj®^ * * . * 

[0007] jfwmm\mmmmwMmit& 
mktz>zk%<, fr-oimmmmbi'. +m 
m.mi z\ k wx* m&mmmti £ t \,z& 
t.ttz, ^mzmmwmtfffift itz®.mx\ 
wmtf 1 4 0 onmxtbt k , ®mfrtfmm. 

* k mfmk corns tuz^\ ^xmti, utiimwm 

[0008] 

t Mfclfig t a«<0S^-«3&» & SIMM* 6 ffifiS tL £ 

m&m^mmmsmz^x , mte&ns i c« 

«ftt0*>§ Jt*# 2.80 JiLhT" , Sifc Jtt^'l 4 0 0 
•CfctJtt* 3^ft(f &8»*6 0 M P aJjLhTfc 0 , W 



!(3) 003-327478 ( P 2 0 0 3 - 3 2 7 4 7 8 A) 



[0009] mmmmmt&tzbbcD®2cD*m 

1 0 At m^ffiSiJtjkSS^*#4 0-6 0Sfi% t , M 

jdmtf i o ai mirfcomnmtimf^ 20-30 

fi«% , ffc*$M# 3 0 At mOT<0#i3W»* i: , # 

i&*j*##2 0-3 omaxkKhwmiimwm 

[0010] ±tmmzmmi-htztbcomcmmte, 
wmmmzmis w$& 1 4 5 o*c#>£> 1 6 0 ovxtu 
mmmi, msfak 1 0 0 o°c&^l 1 4 0 o°c&x 

0. OlTorrHO. 5Torr<7)MffiT\ 100 
0*C&V^l,l 4 0 QXIPk 1 6 0 0X#)|BKi5To r r 
K2 0Torr ^«EcO^Mffi#H^TT« t T , 

[00 11] 

tSWC, USteSPOS i C«J#fo0»&>3Jt£#2 . 8 0 
iy±T\ gatJ i 1 4 0 O'CfcBftS 3^tt(f5i^' 
6 0 M P aJ2LLT***> <! b Wmt-ti hCOX'hl. 

[0012] *wmmmmmm<7)iMmzmi 

u jis r muzm^%, %ffl&ztf\ 4oo°ct'3^ 
*wmi«K**frv\ l o >y htco&^yr/HR* 3£> 

m^mzumm^y Ymmtz&xoiz* * h 

m/m i nTlffl^SkW&S, 
[ o o l 3 ] § h fc. Si c!M^c7)mMtt, 

#T\ S i £#&U KJEflSIS*. l^fcKK 

[0014] ^bjjk&vvc, #TOSa^ : 5:i>?S$$s 

ft«t o&i>)»m^ >m<miz\mmm^m^x 
mmmtimk mmz&t, mm&mzx^xm 



M*g&& ztmizk tfxz h> fit, mmt 
mi®&ziti>t:#>£. wmzmxmzm* 
u mtxm&iiitiz.kx-mummfck't&z. 

[o o 1 5 ] *r s &£M*%ti±.x*\*. mmmm 
^mzmmmmmiimmz, Mfc 

2 . 4ffiftelHJW-ftfc*fc r (p)tt,T 

leantes ( i^) MTx%<xi±%t>~f, mmmmm 
m^tmt^jsp^ mmmm&iizttt&mmBz 

[00 16] 

P = 3. 2 1/(1 + 2. 33X) .» ( I ) 

(fcrtfU ^x(»^^«^MSfJ^) 

(4k«^J^^ «t 0. (l3^)J:'986%-95 %\z* £ 
[0017] fflJt»«3&«8 6%*iif*l, , fg&iSfc 
1 4 0 0'CRh«%faB#^aSc7)B^ffi t^BS , 

htUXLto* 

[ o o 1 8 ] *fc, wmsff9 5%mi tt.m 

[0 0 1 9] f^t, %1iBtf6 0MPa$mtmm 

fflSMbsmw4 o-6 omm%t. MMtmn 
o ^ mm<mm4mmft& 20-30 . 

0/xmjaTOJf8HB5tae*8~l 8fi4% 

W-#»J«^3& t 2 0-3 0a*%T«§il|.?MWia 
;tL«, ffll4K^SSe*Oft^S^^l 1 0 

Atm£®x.& t><03^ffc , Kmmmkm^mtf6 om 
p a*pt ^0.4 0 nmmx%hmwmmmm 

*fi 1 0 At m^gi. & hcotzb % fflWkifSfMfc o 
SMkIi«a*^4 0 JS»%*)1 % * I. v m 6 0 SM% 



1(4) 003-327478 ( P 2 0 0 3 -3 2 7 4 7 8 A) 



[0020] mzti&mffi&k LTtes ii-XV? 
i>K MJ<mm 3 0 umZMl I i>0)t*bBU&m(k 

*j t % <o , mwm iiz.%m>* wits, t h . 1 sma% 
s k«t)omw±u mm*&m*m 
is* n®mz*uvtfmt&. ttzs imm&m 
ris mmfmx-mm&Ts zt>M*mm&9 

[ o o 2 1 ] tfts mmtwv vy-mm 
fcj; ^m&hmm$t<nmw2 onM.%mx-$> 
h t s mmimft®mzm$>m®&m e %mt 

its mmmm&Tis mmmx-mmTs 

$ h MSmftBLtf 9 5 %DXtb * «3 , 

[0022] zzx\ mBizXixsmtKiimrt 
jyy-b.ixtes 7x;-/w, ^yw, vv 
)Vis;-)vmms x^^stfll, ^uxxr;WIis * 
v?y®ms >5syfflll, ^urfffflt. *<ofl&^*n<o 

[0023] MS*t/SicO^M)t^tT«, 
fel 0 0 0 o O5rUL1400°C£-m, 0. 0 1 Tor 
rfrhO. 5To r r1fl&± l<s JSfcttO. 0 5To 
rrHO. 2Torr <DJ^MJIT#TO U\ *H 

ttffiifiW 1 0 %JjrTC& & i k SWWfcOifcBaOTC 
&6£k;W»)iL*:. JtMJET-li. K^IiSaVa* 

4 yy-^mm^xm^'^m^Mzmmia 

X'ZlCOXlfttl^. 0. 0 1TorrJ;f)S^«J±T 

-c**k, mfr&<vmwm&i> t )s38mbix 

(0&mflr*%Zs 0. 5TorrOT«JS£ETC*& 

k . %mmwmmm<7>rmikir4 mtmt 

0 SSfctt k LXCD<m&mX < i k (Cfc* . 
1 0 0 0*C&^L 14 0 0°C^£> 1 6 0 0°CO#ST' 
(i. 5Tor rH2 0To r r COBJlf^Mt t<> 
Hfctt 8TorrH12Torr tf>JBE2jT## * I 



w *<m. mmmzi®m^mmimmmzit 
h b |p|8#fc , @d^r t x h &mRmw u yy-com 
ftffltizx *) m, itzmbmzm . «r outfit® 

«(4 1 4 5 0'C^ 1 6 0 OWi L < s mzii 1 4 
8 0°C- 1 5 3 OXXfittt tV\ «kiS?jaK** 1 4 5 0°C 

o'c^ex. siiircfc s k s «mk^ hcmm 

#=SrV\ JBEfttt, 5To r r J;0SV«T-C-$) 
£ i: , ««*»J9<^BR^K»*»Jb 0 s 2 0 T o r r 

TliEEt*. $Xi>T)Vdy s <\WMts WLWm 

[0024] z<d£ o bz ixummmmis m&t 

&ZbX\ &&til0M9ffll 4 0 0°m±.b%mMT 
Tlfl £ k ^-C§ a £ k (c J: 0 , HiS^O J; a 55^*flr 
[0025] 

immi OT. *HfJ^JilM^lbWkWJ:btT^ 

[0026] (^MM l ) «*fcfflvM>ai«%f ^-tW 
»*k UC. KM* ( # 2 2 omr. 
SI 1 0/xnu Wtt-?€65 3jum) 5 9S»%, »S 
MfS*^* OAim, WSfS2^m) 

2 lfifi%fc:, (^&^#3 0//m s ¥WL 

mum) 8fifi%^@B-^L, 

1 2 sm% k * h x o \z~mw m yy- ( «7 
*y-;n»nk^7*/wnaii) ^sa^t, mm 
zmitz. 

[0027] ^(Dummm^x s o.i- 

o , pm* io^i3oomm) bmumbim<^ 
®&wpt>%&w& urn* 2 o , fts* i o s ^3 

0 0mm) *{RS^fL, lSB*>fe 1 3 5 OXJ^-CO . 1 
To r r <DM£mB.T? 1 B$r B 1ffi^ t s 1 3 5 0 °C- 1 
5 5 0TO» 1 0T o r r<?)T>VJy#ZfflE%ffiH 

TX2mmu mmmmimm. 
[0028] f#^tL7tK-fban^^ft«t^g|5^s?aH 
&mmm& 1 1 5 m p a s 1 4 0 o°cw«fiHiSft 

(flS^Tlis 1 1 0MPat*ofc, t#^fL^MI» 

mm. mm$m%*6oo'C2mfflx*w&is rm 
^rxmizkmsmmmiti. ttz. umm^- 

zcmmmmmzmmnmrnts 8 



!( 5) 003-327478 (P2003-32747 8A) 



fc. § ^ mmmcommt s i stress m« 

fcHH, 3. 12 8/cm8"C»ofc. 
[ 0 0 2 9 ] »fc LTffiffl 

o& & nmj^^t« t . mmzmfe ikm& o . 

0 03 8Qcm*e&ofc. i*lfe^KMRi« 1 fc^. 

imtmmw&ffl^ mmv 1 4 0 o°c-cw§&k& 1 

25MPaHl40MPat*^ J£&9$tf>3fcK i: * 

M^^tmmmi 0 . oo36q c mx% 0 , m$ 
[0030] 3 ) monism 1 tast 

U ^LTIWfc^BS&r*£*#fc. #fetL^?M«^ 
l*<Ot^gfl<75ftjtS, Sifti: 1 4 0 O'Cfcfctf 

[oo3i] (mffl4^7 ) 1 fc^ Lfc 

m^ucomm, sat 1 4 0 o'cfcfctt&H^ftff 

[00 3 2] (it«Ml~4)«f«^S^^ifc:^t 
[00 33] (Jt«M5~8)«3^feff^lt^Lfe 

mix, mmmmmm. mtitdmmcm 
mm^comm, m&t 1 4 0 oxxztm&sm 

[00 34] 
C«l] 





1* 

a 


i 0 


O d 


1 0.0035 1 


0.0038 


3 O 




l < 


0.C028 




rH 


O 




1 

K 


s § 


a s 

P s 




iP « 


5 co 


CO 

r-< 




3 ^ 


Q 

CO 




<0 




10 in 

TH rH 


S3 

H rH 


0 


§ " 

rH r 


s to 

H r- ( 


!-< 


•j 0 

rH 


g § 

H 


in 

CO 


rH 

H 




III 


i| 




9 3 

CO 00 


CO CO 


S 

CO 


55 * 


1 00 


»H 

CO 


3 * 

00 c 


a co 

r q 

^ CO 


i 


CO 




ft 




0 0 

tH i-t 


s 


a 


9 f 


3 S 


S 


q c 

rH r 


3 S 


0 

rH 


CO 


O 

CQ 


1 


p m 


rH iH 

d d 


18 

0 d 


O 
O 


d c 


J d 


rH 

d 


rH r 

d c 


rH 


rH 


rH 

0 


rH 

d 








CO 00 

0 00 


s 


00 0 
55 ot 




B 


go a 


! 08 




s 


28 


1* 

i 






as 


S3 


a 


as 






S g 
















a * 




CO « 


» s 




op s 


3 op 


00 


00 


» 


* 

1 




*H A 




rH 

cs 


tH r 




,^ 


SI i 




rH 


rH 












IO LQ 


s 


is 


i « 


»o 


8 « 


i 8 


8 


8 


S 






rH M 

li 


CO ^ 

£ S 

^ to 


10 

t 


TO 1 


- rH 

11 




CO ^ 


£ jjjj 






00 



[0035] mittL1zWfcfrt>W$>ip%£ 0 te, * 
^^d^*Ml~7(4, ttlftftOl 4 0 0*CfctJ,t 

[0036] ztimix. mntfflknfcmm*. 

smm* 2 ofiAmrt vtz\mM3\$, warn 
cDwmmmmzmmmmm&T 1 tztz^ $ 
^mznm^ < mf Ltztzwz s 1 a 0 0 •c^Bit* 

[0037] WMWftikmmZ 3 0fi4%m±i: 
fe, ^S^fe 1 3 5 O'CiWJBE^Sr 0 . 0 1 T o r r 



1(6) 003-327478 (P2003-327478A) 



[0038] mBi.fr t> 1 3 5 O'C&X'COmi* 0 . 5 T 
o r r OTfc Lfc JtKM 6 , aWSfl^ 

[00 3 9] 1 3 5 0-1 5 0 0*C*-C<DjEE*J*5To 
[0 0 4 0] 1 3 50-1 5 OO'CiT^JKl^OT 



[0041] LfctfoT, «fc«S^Mta»»* 

4 o ox$j,±.(om<D®mizMt a ss^is^mfcK 

[0042] 

1\ 14 0 0 mJ^Bf&Ki: 6 0 MP aSr® 



SILICON CARBIDE HEATING ELEMENT AND 
MANUFACTURING METHOD THEREFOR 



Publication number: JP2005 149973 (A) 
Publication date: 2005-06-09 



Inventor(s): 
Applicant(s): 
Classification: 
- international: 



SONEZAKI ATSUSHI 

TOKAI KONETSU KOGYO KK 

H05B3/14; C04B35/565; C04B37/00; C04B41/85; H05B3/02; H05B3/03; 
H05B3/14; C04B35/565; C04B37/00; C04B41/85; H05B3/02; (IPC1- 
7): H05B3/14; C04B35/565; C04B37/00; C04B41/85; H05B3/02; 
H05B3/03 



- European: 

Application number: JP20030387799 20031118 
Priority number(s): JP20030387799 20031 1 18 



Abstract of JP 2005149973 (A) 

PROBLEM TO BE SOLVED: To provide a 
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temperature property and small in energy 
consumption amount by making a specific 
resistance of an end of a heating element lower 
than that of a heating part while increasing a 
strength of the end of the heating element in a 
high temperature area. ; SOLUTION: The 
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MoSi<SB>2</SB<fegt;end member 2 
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ICS i CSWC, ^|#S i ca^«Sfi<7)5 0lI%«Mo S 1 2 ^^vStt#HMT 

2 0 5 0VX^m^tzi>(OXh Mo S i 2 #W^3 3%, {$$#3 . 6 6 g/c m 
3,ltmttp = 0. OlflcmtM. S 1 C-S iim$-3i4, SiC-Sifr£>& 
0, JtjgK^O. 0 0 3£2cmT*>&. ^LT S ^SfeSW 1 ^WSSgPt S 1 C-Mo S i 
2 ffll«2^SIL 1 S^fc^MSOfcS iC-SiW»3^it§t, ^VS14 

»H^T2 ooo xrcj»»Bi*frv\ ^^-WtoaWJftS^s^fc. 

[0048] 

£col« l s i c^ftctt. m 1 fc^tJ: 3 WM^i^ft, &pm& 1 6 0 
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[0049] 

mmm2 s 3 > 

JWJ 2 , 3 Tii, S i C -M o S i 2 JjgiSiStf 2 C7)M o S i 2 O^rfS^^SSS 

Wis jjBUfcmtwi mnizLxs i cw&mnfc, mtm^cos ic-mosi 

Mo s i 2 £^tt#H^T2 0 5 orT^S^smUc^T'l)^ Mo s i 2 ir* 
$35fifi%, »^S3. 6 7g/cm3, JrUgm p = 0 . 0 0 7 3 c mt*l. Hfifc 
#IJ30S i C-M o S i 2 *B*9$#2«U 9 %<0SS^a S i C2£*ffc, 

*<0S£«9 3 5li%(OMo S i 2 £^$Stt£HftT2 0 5 0 < CT*-£?£$-£$BtU:iO 
n^MoSi 2 tf$2 5tl% s Sfl3, 6 3g/cm3 s JtjgfitP = 0. 0 0 

) . 

[0050] 

(MMK 2) 

Jt«Ml, 2Ttts S i C - Mo S i 2 fflW2«M o S i 2 

miKmwibm&vxs i c^#=&^. jtwji<Ds i c-mo s i 

2 SW2li, ft^9%0¥$|ftfli)tS i cmttZ, $i3$#*c9£fttf)6 0fii%O 
Mo S i 2 £^tt#HMT2 0 5 0Trt^§tf$eiLfciflt*&9s Mo S i 2 #f 
$3 8fiM%, ##&3. 82g/cm3, JtffiKp = 0. 00 lOQc mX%h„ Jt$£ 

M2<Ds i c-m o s i 2 mmm2^ mmxmmms i 

*£>S*tf>3 0fii%C0Mo S i 2 £^Stt#B^T2 0 5 OKrC^iSS-frSBtUfctO 
t&9, MoSi 2 Mf2 3tl%,g^3. 4 8g/cm3, JfcJ5tiu> = 0. 08 

oQcmtM. ttz, mbfcnmMi tmntemm^itzmzmm^fz (mi > 

0 

[0051] 

(JtWJ3 ) 

Jt«M3 "Clis H2 Hz^rT J; o B»tifW6 £ S i C- S i <WCtt 

jSLfc. s&s&sw* i mi&mzs i c- s i *»fe*sJB95W6 ^^sfLfcjawis ±te 

LfciatmfcPWHCbTS i CJ»RflG*l*fc. ft»3<«B3W6{^ ft$ft2. 9 

8g/cm3, JtStftP = 0 . 0032flcmt*4. *fc, JJEbfc£»Wl fcRfcfc 
WIL^W^&ill^ (^i) . 

[0052] 
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!(tiB2005- 



mi^tX o £s ±fBL^H»]l *^3«S i C&SS&frte, 1 6 QOXZkSSft 1 0 

o o mmmmmm^ u s i c -m o s 1 2 mm2 , w s i c - s i 

ffiHigW 3 <Df/ffI£% < , S i C — Mo S i 2 JBSRW 2 <0iaim&ll*#**l Wl 1 0 % 
. 8%, 13%r&ofc. J;^T, WIWl^3^)SiC«IMWiV^t, 

s i «Brri> i t^'Sr<®gi?gi5ffco^*m§ixi ) ^s 1 4 o omfcossa 

[0053] 
[0054] 

SiC-MoSi 2 *MWI!W2OlUaW , 0. OSficmt* 1 ), HW 
mifrt>3V>m&Z.*)±*\>\ ^X, a«B#fcSiC-MoSi 2 «»»*f2<0«J» 

[0055] 

Jt»3T'tt 1 6 0 0\^ifrT«WMLTV>4|l|fc9 8lWB(Bit/tl*jft , CJBIM» 

i s i mmx'fo h 1 4 1 o mji-cfflffl-r ■& <r t \m i v \ 

[0056] 

iCOidfc, S iC^ft&MflSWlfcs S i C-MoS i 2 ^frl-SiSMm 
o S i 2 CD^m* 2 5fifi%J2LL3 5fiM%OTttS ZbX\ S i OM6j£IilLOiS$fi 

«rc*s 1 6 o o'cawteffltcwa.d i»^s#ttfcff^s i c^**f*4it*« , c 

[0ffio»5r§^] 

[0057] 

[Hi] ^mcommmm^m s i c3^offijs&5rme*>s . 
[02] HMm<os i cis»««ofli«***r0*c&s. 



[0058] 
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(51)Int.C1.7 FI (##) 

H0 5B 3/03 C04B 35/56 1 0 IK 

F^-^(##) 3K092 PP09 QB09 QB74 QC01 

4G001 BA22 BA49 BA60 BA62 BA68 BA78 BB22 BB49 BB62 BC11 

BC17 BC22 BC44 BC52 BC71 BC72 BD21 BD22 BD36 BE11 
BE31 

4G026 BAM BB14 BC01 BE01 BF05 BF07 BF44 BG04 BG26 BH06 



